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Finstick, Sue Ann, M.S., December 1986 Geology
Hydrogeology of the V ictor and Bing Quadrangles, B itterroot 
Valley, Montana (150  pp.)
Director; W illiam  W. Woessner
The B itte rro o t Valley in western Montana has experienced a 
population explosion over the past few  years, placing 
Increasing demands on the w ater supply of the valley. The 
purpose of this study was to determine the occurrence, 
movement, quantity, and quality of ground w ater in a selected  
portion of the B itte rro o t Valley, and evaluate the existing and 
future potential fo r ground w ater availab ility .
The study commenced w ith  preparing an inventory of over 300  
d rille r's  logs and mapping the su rfic ia l geology of the United 
States Geological Survey V ictor and Bing Quadrangles. 
In terpretation  of the w e ll logs resulted in identification  of 
aquifers and data on hydrological properties of the subsurface. 
During 198 4 -8 5  s ta tic  w ater levels in 40 w ells  in the research 
area were measured monthly to determine seasonal ground­
w ater fluctuations, directions of ground-water flow , and the 
locations and extent of recharge and discharge areas. Field 
chemical param eters w ere measured to determine basic 
ground-w ater quality.
Ground w ate r is of acceptable quality in the study area at the 
present tim e, although w ate r in aquifers on the east side of 
the B itte rro o t River is more highly m ineralized. Ground-water 
levels are highest in the spring and early summer due to 
snowm elt, ra in fa ll, and in filtra tio n  from irrigation  ditches, and 
are low est In la te  w inter. Sand and gravel lenses w ith in  the 
valley  f i l l  sediments are the most adequate aquifers, although 
locating one of these in the subsurface is d iffic u lt. Future 
w e lls  should be located on the B itterroo t River floodplain or 
adjacent low terraces in order to ensure su ffic ien t quantities  
of w a te r year-around.
ii
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CHAPTER I 
INTRODUCTION
A. Purpose (Statement of the Problem)
The Bitterroot Valley in southwestern Montana (Figure 1) has 
eiperienced a population explosion over the past few years. This 
previously rural area is changing to include more urban uses as ranches 
and farms are subdivided. With each new home erected in the Valley 
comes the task of drilling a water well, and here the problem lies. With 
seemingly little logic, one hole may be dry and the next a producer. 
Some shallow wells, drilled years ago. become dewatered seasonally. As 
a result residents are being forced to face the financial burden of 
drilling a new well, deepening the old one, or face the inconvenience of 
hauling their water for part of the year. Prospective purchasers of a 
subdivision lot want to know what to expect before they risk investing 
their money. In particular, they want to know how deep they will have 
to drill and if they can expect an adequate water yield. Long-time 
residents of the Valley wish to know how these new subdivisions will 
affect their existing wells.
This study was undertaken in an attempt to provide an answer to 
some of these questions. The goals are to:
1. Evaluate the occurrence, movement, quantity and quality of the 
ground-water resources in a selected portion of the Bitterroot Valley 
(Figure 2).
1
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r\ r\ w w I . j  f
I
n  M  /A  I '  : . r  A ^ r -
Al R E A  
rR x W -i
IwKowl Tflwif I ' ( ' f4f: II
i . m #
0 # K : I S ^ i
:v 4:> r/.r
iren»rrliT
Sl€f̂ cnsyiJ1
IZ -V ^ IS S O U L A  CO. ...[.. ’.
. L, /(ÂVAÛ I CO I ""
^ /7  r  \ ..
I
i
$p/ing__Cvfc/j 5? <1
I
r * — -’ !
. . : f
"M-
*̂Cr0SSifift
s
u5
f •■Ü.; :
~-̂ cpZ\
V  V .
B m u
m i
A N * # ! , .
-X-,.
X > jX.
• ' " ' f‘ • T ■I  - ,  . ' j-  KtlmlllOf,
a a x - n t ' T : V
. . . 1 .. — ; ■ j.j/vÆ!
—:i____
% 'W :(L
.(iOUA'V I 
•;(•; A I ,
eSte
Scale
‘7 MMi11*4 iJiiU-L
5 m iles
r ■
5 kms N
F ig u re  2 . Lo catio n  o f  th e  Study A rea.
( U n i t e d  S t a t e s  G e o l o g i c a l  S u r v e y  H a m i l t o n  map, 19 8 0 ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4
2. Evaluate the eiisting and future potential for water supply 
development in the area.
The specific objectives of the study include:
1. Detailed mapping of the gross surficial geology and description of the 
iithologies.
2. Interpretation of drillers logs to determine aquifer Iithologies and 
hydrologie properties of the subsurface.
3. Hydraulic head data collection to determine direction of ground­
water flow, aquifer interconnections, and the location and extent of 
recharge and discharge areas.
4. Determination of field chemical parameters for identified aquifers.
5. Correlation of lithology, hydrologie properties, and water quality data 
to evaluate water availability.
B. Previous Investigations
A reconnaissance examination of the Bitterroot Mountains and 
adjacent Clearwater Mountains of Idaho in 1899 was the earliest 
geological study of the area (Lindgren.1904). Later structural and 
petrologic studies were done by Langton(1935), Ross(1950). Groff 
(1954), Anderson! 1954). Chase! 1961), Hvndman et. al. (1975). Lankston 
(1975), Alt and Cartier! 1982) and Barkmann! 1984).
Tertiary and Quaternary history of western Montana was discussed 
by Alden(1953), Konizeski!l958), Beaty! 1962), Weber! 1972), 
Mehringer et. al.!1977). Van der Poel!l979), Thompson et. al.!1982). 
and Brownell! 1983).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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One of the earliest investigations into ground-water geology in 
western Montana was by Perry(1933). Hydrogeology of several specific 
small areas within the Bitterroot Valley was examined by Kittredge 
(1980), McHugh(1982), and Burkhardt(1983). McMurtrey and 
Konizeski (1956) were the first to specifically examine the ground­
water situation in the Bitterroot Valley. Further reporting on the 
hydrology of the Valley was done by McMurtrey et al in 1959 followed 
by another report by McMurtrey et. al. in 1972. Other examinations 
include Groff(1958), Brietkrietz(1964), McMurtrey et. al.(1964). Reed 
and McMurtrey(1968), Konizeski(1972). Konizeski and Alt(1972). and 
Geldon(1979). Data on surface waters in the Bitterroot Valley were 
included in Noland973), Bateridge(1974) and Senger(1975).
A complete soil survey of the Bitterroot Valley was published in 
1959 by the United States Department of Agriculture Soil Conservation 
Service This report also includes general information on such diverse 
topics as climate, vegetation, history, population, economy, and natural 
resources.
c. Regional Settings 
1. EhxsiûttâûhSL
The Bitterroot Valley in western Montana is a north-south linear 
trough 65 miles (104 km) long and up to 10 miles (16 km) wide. The 
Bitterroot Mountains form the western boundary of the Valley. Peaks 
in the Bitterroots are over 9000 feet (2743 m) high, with the 
southernmost peaks achieving the highest elevations. To the east, the 
Valley is bordered by the lower Sapphire Mountains, whose peaks are
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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over 7000 feet (2133 m) high, with a few over 8000 feet (2438 m) in 
elevation. The Sapphires also include their highest elevations in the 
south. While the Sapphires appear as an irregular, dissected, uplifted 
plateau when one views them from the Valley, the Bitterroot Mountains 
show a very uniform face to the Valley, sloping towards the Valley 
center at an average dip of 25 degrees (Langton. 1935). The Bitterroot 
River flows down the Valley at an average gradient of 10 feet/mile (2 
m/km). The floor of the Valley ranges in elevation from 3150 feet (960 
m) to 3900 feet (1188 mXLindgren, 1904). Three main landforms can 
be recognized on the Valley floor. The lowest of these is the flat, 
swampy floodplain of the Bitterroot River. A scarp 10 to 20 feet (3 to 6 
m) high separates this floodplain from the low terraces. The high 
terraces are the uppermost landforms of the Valley floor and are 
separated from the low terraces by a scarp 50 to 100 feet (15 to 30 m) 
in height, and slope up gradually to meet the mountain front 
(McMurtrey et. al.. 1965). Figure 3 is a schematic representation of the 
general topography of the Bitterroot Valley.
2. Climate
In general, the Bitterroot is characterized by a semiarid. cool- 
temperate climate. One can anticipate relatively mild winters, cool 
summers, and little wind. Precipitation on the Valley floor averages 13 
inches (33 cm) per year, with two peaks, one in the fall and one in the 
spring (May to June). The driest months are February through April. 
With increasing elevation precipitation increases, with a precipitation 
maximum of over 40 inches (101 cm) per year in the Bitterroot 
Mountains, much of it in the form of snowfall in the winter months.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
I
■p
c/1
:s
to
ll
■M t/1
0) P
(•xcxjiddB) -q.j 0009
cu >
kM
oAoH
0)f-t
I— !
(TJ
P
Oo
A
<upp
• H
OQ
0)
rCp
p
o
O
• H
P
s0)
rCO
CO
or»
0)g4:3bO
•HtP
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8
Temperatures in the Valley have ranged from -372  p. (-382 c.) up to 
1022 F. (382 c.) but the average low temperature is 302 p. (-12 c.) while 
the average high temperature is 582 p. (142  c.)(McMurtrey et al 
1959). This climate supports a grassland native vegetation on the Valley 
floor and an evergreen forest in the uplands.
3. History
The Bitterroot Valley was the home of the Flathead Tribe of the 
Salish Indian Nations until 1891 when they were removed to a 
reservation north of here. The first white men to visit the Valley were 
Lewis and Oark who crossed the Valley in 1805 on their journey to the 
west coast. In 1841, Father DeSmet founded Saint Mary’s Mission near 
the present town of Stevensville, the purpose being to bring the Roman 
Catholic religion to the Flathead Indians. Prior to this time, white 
trappers had travelled through the Valley, but this was the first 
permanent white settlement. In 1845, Father Ravalli, after whom the 
county is named, replaced Father DeSmet at the Mission. The gold rush 
of the 1860 s in Montana and Idaho created a demand for agricultural 
products and led to the establishment of additional settlements in the 
Valley. An orchard boom. 1900-1915. increased the population of the 
Valley still more. As early as the turn of the century, the rich orchards 
and fields were mentioned in the literature (Lindgren, 1904). 
Population has been steadily increasing in the region since World War 
I I  (Soil Conservation Service. 1959). The 1950 census showed the 
population of Ravalli County to be just over 13.000 (McMurtrey et. al.. 
1959), while the most recent count indicates 23,500 (oral
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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communication, Ravalli County Clerk s Office. 1983). Hamilton is the 
county seat, whereas the main towns in the study area are Stevensville 
(directly north of the study area), and Victor.
4. Economy and Resources
Although the trend is gradually changing as farms and ranches are 
subdivided, the economy of the Valley still relies heavily on agriculture 
Dairy and beef cattle predominate on the ranches, with smaller 
numbers of sheep. The primary crops are grasses and grains, sugar 
beets, potatoes, small vegetables, and fruits (McMurtrey et. al.. 1972). 
Agriculture in the Valley relies heavily on irrigation. In 1846, Father 
Ravalli opened the first irrigation ditch in the Valley to water gardens 
at St. Mary s Mission. The longest canal in the county was constructed in 
1903 and is still in use This canal, called the Big Ditch, brings water 
from a reservoir (Lake Como) in the south end of the Valley all the way 
down the east side for a total distance of 73 miles (120 km). Hundreds 
of smaller canals, on both sides of the Valley, divert water for irrigation 
from the Bitterroot River and its tributaries (McMurtrey et. al.. 1972). 
Lumbering, primarily in the Bitterroot Mountains, is of some importance 
in the Valley, as is mining. Coal and lignite have been found in the 
south, and fissure veins bearing copper, lead, silver, and gold have been 
located in the northern portion of the Bitterroot Mountains. Mining 
activity within the study area occurred at the Curlew Mine, northwest 
of Victor, where gold, silver, copper, lead, and zinc have been mined 
intermittently from a galena vein since 1888 (Harby, 1978). Tourism is 
also a large component in the economy of the Bitterroot Valley. The
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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current trend is towards a commuting lifestyle, with residents working 
in the larger towns in the Valley, or the nearby city of Missoula to the 
north, and maintaining a home in a Bitterroot Valley subdivision or on a 
mini-ranch or part-time farm in the Valley.
5. ç^Qlogy
a. Stratigraphy
Precambrian metasediments of the Belt Supergroup are the oldest 
in the region, being dated at 0.8 to 1.6 billion years old (Geldon. 1979). 
These rocks are found in both the Sapphire and Bitterroot Mountains 
and may underlie the Bitterroot Valley as well (McMurtrey et. al.. 1972; 
Lankston, 1973). The Bitterroot Mountains are but a small segment of 
the Idaho Batholith, which encompasses 20,000 square miles (32,000 
km2) in Idaho and Montana (Umpleby, 1912). Rocks of the batholith 
include granites and gneisses of Cretaceous age. Granitic intrusives, 
probably related to the batholith, are also found in the Sapphires 
(Lindgren, 1904).
Cenozoic sediments include both Tertiary and Quaternary deposits. 
Tertiary sediments are common in western Montana inter montane 
valleys. Examination by Hoffman (1972) of the Jefferson River Basin, 
Townsend Valley, Three Forks Basin, upper Dolby River Basin, and 
lower Beaverhead River Basin has revealed two lithologically distinct 
but primarily fine-grained Tertiary sequences: the lower or Renova, 
and the upper or Six Mile Creek Formation. Two types of deposits 
comprise the Quaternary in this area: Pleistocene glacial drift and
Pleistocene to Holocene (or Recent) alluvium.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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b. Structure
The origin of the remarkably straight, even, eastern front of the 
Bitterroot Mountains has interested researchers since the turn of the 
century. The structurai derivation of these mountains and the adjacent 
Bitterroot Valley appears to be quite complex, as evidenced by the 
number of different theories concerning the origin of the area
Lindgren. who did the earliest work in the region, theorized a 
normal fault that underwent double movement for the origin of the 
Valley: the Bitterroot Mountains (the footwall) were raised as the
Bitterroot Valley (the hanging wall) was concurrently lowered for a 
total vertical component of movement of 4000 to 6000 feet (1219 to 
1829 m). The frontal zone gneiss could be the result of compressive or 
shearing stress on the fault plane. Evidence for this theory was the ore 
body of the Curlew Mine that followed a normal fault, and the fact that 
tributaries entering the Valley from the Bitterroot Mountains exhibit an 
increase in gradient at their mouths (Lindgren. 1904).
Another theory holds that the Valley has a more complex 
structural history of folding, overthrusting, underthrusting. and later 
normal faults. In this theory, a north-south trending thrust fault first 
developed, followed by intrusion of the Idaho Batholith. which resulted 
in further faulting and tearing, and finally, the valley sank and the 
mountains were uplifted along a zone already produced by the previous 
faulting and tearing. There is a prominent lineament just north of the 
area that may have been one of the zones of weakness along which 
movement occurred (Langton. 1935).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Still another theory holds that the Valley was a downwarp or 
synclinal trough that originated at the same time as the Idaho Batholith 
was implaced and the Bitterroot Mountains rose in a north-south 
trending anticline. This was followed by faulting along the valley 
margins (Ross. 1950: Anderson. 1959; McMurtrev et. al.. 1972). As the 
Sapphire Mountains are more irregular, both in composition and 
appearance, than the Bitterroot Mountains, they were assumed to have 
an even more complex structural origin (Lankston, 1975).
A recent theory attempts to correlate the origins of both mountain 
ranges and the Bitterroot Valley as well. In this theory, it is 
hypothesized that the pre-Tertiary rocks of the Sapphires were in place 
in the locale now occupied by the Bitterroot Mountains prior to the 
Cretaceous. As the Idaho Batholith rose, the Sapphire tectonic block 
detached and slid to the east, to the present location of the Sapphire 
Mountains, leaving the Bitterroot Valley as a low region between the 
two high mountain ranges. The frontal zone gneiss could then have 
originated as the detachment zone along which the sliding occurred. The 
Bitterroot Mountains are higher than the Sapphires because of isostatic 
rebound after removal of the Sapphire tectonic block. Movement of this 
block triggered further magmatic activity and plutons were emplaced 
both within the Sapphire block and further to the east (Hyndman et al 
1975).
As the Bitterroot Valley is at the western edge of an active basin 
and range tectonic system, stuctural ad|ustments have occurred since 
the original formation of the mountains and valley. Fracture patterns
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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derived from photollnears show a complex system of north-south, east- 
west. southeast-northwest, and southwest-northeast faults (Bark mann. 
1984; Figure 4). The middle segment of the Valley, between Hamilton 
and Stevensville, is cut by two of these southwest to northeast faults. 
One can be followed from Tincup Creek in the Bitterroots northeast to 
Daly Creek in the Sapphires. Evidence for this fault includes 
photoiinears and the fact that the line passes through Sleeping Child Hot 
Springs and an old mine at the mouth of Daly Creek. Hydrothermal 
fluids and mineralization frequently follow fault lines. Thirty miles 
north, a parallel fault runs northeast from the Curlew Mine to Three 
Mile Creek, where more old mines are located. The block bounded by 
these faults is downdropping, resulting in instability of the Bitterroot 
River within this stretch. This instability demonstrates itself in the 
braided channel that appears in the River only between these two faults 
(Figure 5). Comparison of old air photos with more recent ones show 
that the braided segment has been shifting to the west, indicating that 
this block is tilting to the west. Movement on these faults is probably 
still occurring (Alt and Cartier. 1982; Bark mann. 1984).
c. Geologic History
To correlate the above stratigraphie and structural information, a 
summary of the post-Paleozoic geologic history of the area will now be 
presented.
In the late Mesozoic (Cretaceous time), uplift, folding, and faulting 
occurred, concurrent with, or possibly closely followed by, intrusion of 
the Idaho Batholith. resulting in the formation of the Bitterroot 
Mountains. At this time, the Sapphires may have slid off and moved
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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east to their present location. Smaller intrusions were emplaced in the 
area and faulting continued.
Sometime during late Cretaceous to early Tertiary, erosion 
dominated and drainage developed in the region, including the ancestral 
Bitterroot River. The Tertiary was a very active period. With the close of 
the Laramide orogeny in the Eocene, volcanic activity and block faulting 
occurred. The block faulting resulted in the creation of a basin posessing 
restricted interior drainage, and basin filling resulted in the deposition 
of the Renova Formation. The climate was probably warm and dry. and 
the area was sparse in vegetation. Following deposition of the Renova, 
the climate became warmer and wetter, and erosion dominated, 
resulting in an unconformity. Then another climate reversal, back to 
arid conditions, resulted in sedimentation again (Thompson et. al.. 
1982). and the Six Mile Creek Formation was deposited. In late 
Pliocene, a change back to a more humid climate led to increased 
erosion and an unconformity separating the Tertiary from the deposits 
of the Quaternary. It was this late Pliocene erosional episode that 
resulted in the delineation of the high terraces (McMurtrey et. al.. 
1972). Continued downcutting in the Pleistocene created the low 
benches or terraces.
Pleistocene glaciation interrupted the Quaternary erosional cycles. 
There were at least two episodes of glaciation in the area, the Bull Lake 
(lUinoian time) and the Pinedale (Wisconsin time) (Pierce et.al.. 1976). 
An arm of Lake Missoula, a vast glacial lake that existed in western 
Montana in the Pleistocene, extended into the Bitterroot Valley. Most of 
the peaks in the Sapphires did not have sufficient elevation to be
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glaciated, but the Bitterroot Mountains were extensively glaciated, 
especially in the southern end where the highest elevations occur.
Recent erosion led to the formation of the present Bitterroot River 
floodplain. Erosion and deposition in the Valley still continue, influenced 
by minor climatic fluctuations and tectonic movements, resulting in the 
modern topography of today (Hoffman. 1972).
6. HYdrolORy
a. Surface Water
The main drainage system in the Valley is the Bitterroot River, 
which receives 20 tributaries from the Bitterroot Mountains in the west, 
and 5 from the Sapphire Mountains to the east, draining a total area of 
approximately 2800 square miles (7248 km2)(McMurtrey et. al.. 1972). 
A water budget (inflow = outflow + changes in storage) has been 
calculated for the Valley (Senger, 1975). This study concluded that 5.7 
million acre-feet (7.0 x 10̂  m3) is received as inflow in the form of 
precipitation on an annual basis. Of this, 29% is direct outflow in the 
form of stream discharge (1.6 million acre feet or 2.0 X 10  ̂ m3). More 
tributaries head in the Bitterroot Mountains than in the Sapphires, and 
stream discharge is higher from the west than from the drier east side 
of the Valley Streamflow is highest in May to June, due first to rapid 
spring snowmelt in May then to high early summer precipitation in 
June (Bateridge, 1974). Flooding is common in this May to June period 
(Nolan, 1973). Streamflow is low during the summer (July to 
September) mainly as a result of withdrawals for irrigation, recovers in 
the autumn after cessation of irrigation and the fall increase in 
precipitation, then drops to a minimum in the winter months (February
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to April) when precipitation is accumulating as snowpack (McMurtrey 
et ai.. 1959). The remainder of the outflow (i.e., 71% of the total inflow) 
is in the form of évapotranspiration, primarily from the forested areas, 
with a lesser amount from the bottomlands and croplands (Senger. 
1975). Thus, there is virtually no change in storage according to 
Senger s calculations.
Quality of the water in the Bitterroot River and its tributaries is 
generally good. Because streams that head in the Bitterroot Mountains 
pass mainly through granites and gneisses that are resistant to solution, 
streams from the west contain low concentrations of dissolved solids. 
The diverse geology in the Sapphire Mountains is reflected in the fact 
that some of the rocks tend to be more soluble: thus streams from here 
are higher in mineral content, resulting in harder water (McMurtrey 
et. aL. 1959).
b. Ground Water
The quality of the surface water is reflected in the quality of the 
ground water. In general, ground water on the east side of the Valley is 
more mineralized than on the west. Ground-water quality in the Valley 
tends to be good, although iron is a local problem (McMurtrey et. al.. 
1972). There is more variation in ground water quality than in surface 
water quality, as the former is affected by a great variey of factors, 
including the recharge source, the permeability and texture of the 
material the water must move through, the rate of water movement, 
and even the type and depth of soil cover the water percolates through 
before reaching the ground water table (McMurtrey et. al.. 1959).
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According to mass balance calculations by Senger (1973) and 
McMurtrey et.al. (1972). recharge is approximately equal to discharge 
on an annual basis. Recharge is predominant in the spring (May to 
July), when snowmelt and precipitation are high, streamflow is at a 
maximum, and the irrigation ditches are running. Discharge dominates 
in the late summer, fall, and winter, when évapotranspiration is at a 
maximum, streamflow and precipitation are low. irrigation has ceased, 
and snowpack is accumulating (McMurtrey et. al. 1972; Senger, 1975).
For the purpose of analyzing aquifer units, one can group the 
PreCambrian metasediments and Cretaceous intrusives together into 
pre-Tertiary bedrock. Thus there are three main units to analyze for 
water-bearing properties: bedrock. Tertiary sediments, and Quaternary 
deposits. Previous investigators have concluded that the bedrock can 
yield small amounts of water from joints or weathered material 
(McMurtrey et. al.. 1972). Yields from the Tertiary sediments are quite 
variable (McMurtrey et. al.. 1959). The Quaternary alluvium exhibits 
the most adequate water-bearing properties, while the Quaternary
I
glacial till characteristically makes a very poor aquifer (McMurtrey êL 
aL 1972). Depth to ground water in the Valley ranges from a few inches 
(or centimeters) to hundreds of feet (or up to several hundred 
meters)(U.S. Soil Conservation Service, 1959; McMurtrey et. ai.. 1965). 
Aquifer conditions range from unconfined to semiconfined or leaky, to 
confined (Geldon, 1979). Further details on ground water in the 
Bitterroot Valley will be presented later in the present report.
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CHAPTER II 
METHODS OF INVESTIGATION
An extensive literature search was conducted to gather all 
information pertinent to the problem. This included data on climate, 
soils, history, economy and resources, physiography, hydrology and 
geology.
The surficial geology of the study area was mapped on United 
States Geological Survey 7 1/2 minute topographic quadrangles Victor 
and Bing, first by compiling maps created by previous workers, and 
comparing with well log information, then by field checking the 
compiled data.
Over 300 well logs for the study area were obtained from the 
Department of Natural Resources and Conservation Water Rights Bureau. 
Locations for all of the wells were plotted on the Victor and Bing 
topographic sheets. Locations were then field checked by matching 
names on well logs to names on mailboxes and making inquiries of area 
residents by knocking on doors. Data from the well logs were also used 
to draw and correlate cross-sections, showing the subsurface geology 
and areal extent of the aquifers in the study area. Total drilled depths, 
depths to static water, and well yields were also determined from the 
well logs. Well log data were compiled to prepare a well inventory.
Forty wells were selected for sampling purposes. These wells were 
chosen for the following reasons: 1 ) to include locations from each of
the different units delineated on the surficial geology maps; 2) to 
encompass a wide variety of depths (both total drilled depth and depth
20
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to water): 3) to include one or more wells completed in each of the
units to be examined for aquifer properties (i.e., bedrock. Tertiary, and 
(Quaternary): 4) to adequately cover the entire study area. After 
receiving permission from the well owners and checking well 
accessibility, the forty wells were subjected to intense study. Static 
water levels were measured in these wells on a monthly basis from July 
1984 to June 1985 with the aid of a 500-foot (152 m) steel tape. Static 
water levels from the forty wells were plotted and used to make a 
generalized potentiometric map. to show the direction of ground-water 
movement, which was assumed to be at right angles to the contour 
lines.
Transmissivity values were calculated from data on the well logs 
by using the computer program in Appendix I. Aquifer transmissivity 
was also determined from:
T=bK
where:
T-transmissivity, gallons per day per foot (gpd/ft) 
b-saturated thickness of the aquifer, in feet 
K-hydrauUc conductivity, gallons per day per square foot (gpd/ft^) 
The well driller includes a report in each well log on the brief aquifer 
test done at the time of well drilling, and reports values such as 
drawdown, discharge, radius of the well, and length of time of the test. 
Interpreting the well logs for further information such as thickness of 
the water-bearing strata, in combination with values reported from the 
aquifer test, yields sufficient data for calculating transmissivity values
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according to a variation of the Jacob method (Walton, 1970). These 
values were then plotted on the Quadrangle maps and units of high and 
low transmissivity were delineated.
Further quantification of aquifer properties was performed by 
using Darcy's Law. discharge (Q) equals hydraulic conductivity (K) times 
the cross-sectional area (A) times the hydraulic gradient (I). The cross- 
sectional area is the product of the thickness (b) and the length (L) 
under examination. Making the appropriate substitutions results in the 
following form of Darcy s equation:
0»-KAI-T/b (b) (L) (I)-T L I
The slope or gradient of the water table and potentiometric surface 
was obtained by examining the potentiometric maps and using the 
following formula from Darcy s Law;
1= (Hi -H2)/L 
where:
I “hydraulic gradient, feel per feet (ft/ft, a dimensionless number)
HI -head (elevation of water), at point 1, in feet 
H2-head (elevation of water), at point 2. in feet
L=distance or length between points 1 and 2, in feet 
H| is always less than H2. This results in 1 being negative which
indicates that flow is in the direction of decreasing hydraulic head.
Gradients and hydraulic conductivity values were then used to 
calculate velocities, again by using variations of Darcy's Law. which 
relates hydraulic conductivity, cross-sectional area, hydraulic gradient, 
discharge, and porosity: 
v=(K)(l)/(7.48)(n) or (Q)/(7.48)(A)(n)-v
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
23
where:
v-velocity, feet per day (ft/d)
Kl»hydraulic conductivity, gallons per day per square foot (gpd/ft^)
I «hydraulic gradient, feet per feet (ft/ft, a dimensionless number) 
n=porosity of the sediments (a dimensionless number)
0-discharge, gallons per day (gpd)
A «cross-sectional area, square feet (ft^)
7.48 is a conversion factor, gallons to cubic feet (ft3)
Water quality was examined in August and September (1984) for 
all forty wells used for monthly water level measurements. Specific 
conductivity was tested using a YSI Model 33 Conductivity Meter. Water 
temperature was measured at this time and used later to correct 
conductivity values to 25® C. An Orion Model 399A pH Meter was used 
to determine the acidity or alkalinity of the water samples
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CHAPTER II I  
RESULTS
A. Surficial Geology
A number of investigators have mapped the study area and 
surrounding terrain over the years. These include Lindgren (1904), 
Langton (1935), Ross (1950), Alden (1953). and the United States 
Department of Agriculture Soil Conservation Service (1959). A more 
recent mapping project was done by R.L. Konizeski (in McMurtrey et. al.. 
1972). Data from the above maps were compiled, correlated with data 
from the well logs, and field checked for the present study. Results are 
presented in Plates 1 and 11.
Pre-Tertiary bedrock (KpC) includes Precambrian Belt Supergroup 
quartzites, argillites, and limestones of continental and shallow marine 
origin, and the Cretaceous granites and gneisses of the Idaho Batholith 
and related intrusions. The Sapphire Mountains are primarily 
composed of Belt rocks, with granitic intrusions of lesser importance, 
while the Bitterroot Range is mainly composed of the granites and 
gneisses. The granite is actually a granodiorite or quartz monzonite 
(Langton, 1935) The gneisses are located in a zone 9 miles (15 km) 
wide along the eastern edge of the Bitterroot Mountains, and so are 
called the frontal, or border zone gneiss. On the west side of the Valley, 
the younger sediments lap up against the Bitterroot Mountains, making 
the contact difficult to precisely locate. Much of the northwestern 
section of the study area is bedrock. On the east, a few outcrops of
24
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bedrock are mapped. These can be identified in the field by their high 
elevations and their appearance as tree-covered knolls. Bedrock is 
more resistant than the later sediments and so stands higher.
Tertiary sediments (Ts) in the study area are the equivalents to the 
semiconsolidated Renova and Six Mile Creek Formations mentioned 
previously. The lower or Renova formation is reportedly (Hoffman. 
1972) the more fine-grained of the two. consisting primarily of 
unconsolidated to semiconsolidated mudstones, siltstones. fine sands, 
layers of volcanic ash. and minor amounts of coal and conglomerates. 
Vertebrate fossils have dated this formation as late Eocene to early 
Oligocene. The climate at the time of deposition of the Renova was 
probably warm and dry, and vegetation sparse. Infrequent 
precipitation resulted in flash floods. The small lenses of gravels and 
sands in the Renova represent channel fill deposits, while the 
mudstones and siltstones were the result of over bank deposits of the 
floodplains. This was a time of great volcanic activity, as evidenced by 
extensive deposits of ash in the formation. Renova deposits tend to be 
angular and poorly sorted. This, along with their fine-grained texture, 
point to a low energy environment and short transport time (Hoffman. 
1972).
The upper or Six Mile Creek formation was deposited in late 
Miocene to early Pliocene, as revealed by fossil dating. The 
environment of deposition for the Six Mile Creek was similar to that of 
the Renova, but the better sorting, more rounded grains, and somewhat 
larger grain size point to a higher energy environment, possibly due to
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an increased stream gradient due to faulting. The muds and silts again 
represent over bank deposits on floodplains where ephemeral lakes or 
swamps probably existed. Small lenses of sand and gravel depict 
channel fill. Again, the presence of ash in this formation points to 
volcanic activity in the region (Hoffman. 1972). These Tertiary basin fill 
deposits are frequently referred to in the literature as the Tertiary 
Bozeman Group lake sediments, as the presence of abundant clay points 
to a lacustrine or palustrine environment of deposition (Alden. 1953). 
An erosional unconformity separates the two formations. An 
unconformity also marks the division between these Tertiary sediments 
and the underlying older rocks.
Estimates of thicknesses suggest that the Renova may be up to 
1000 feet (305 m) thick, and Six Mile Creek 2400 feet (732 m) or more, 
for a combined thickness of over 3400 feet (1036 m)(Hoffman. 1972). 
Drilling in the Bitterroot Valley revealed unconsolidated sediments as 
deep as 2490 feet (759 m)(Fields. 1979). Gravimetric data indicate that 
the valley fill in the Bitterroot may be up to 4000 feet (1219 m) thick 
(Lankston. 1975). Well logs inventoried for the present study revealed 
Tertiary sediments as deep as 575 feet (175 m). but as few wells 
penetrate more than 400 feet (122 m), this is a poor estimate for total 
thickness.
These fine-grained Tertiary deposits are ubiquitous in the study 
area, as revealed by the well logs in addition to geophysical data 
(Lankston. 1975). but may be covered at the surface by a veneer of 
Quaternary sediments. No Tertiary sediments are found as surficial 
deposits on the west side of the study area. On the east. Tertiary
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sediments are widespead, and are identified in the field by their 
extremely fine-grained nature, an absence of any particle larger in size 
than small gravel, upland locations, and somewhat dissected 
topographic expression. As only a few, relatively thin (less than 100 
feet or 30.5 m thick) roadcut exposures of Tertiary section are found 
within the study area, this study did not reveal enough information to 
distinguish between the Renova and the Six Mile Creek. Where these 
sediments are exposed, they dip towards the Valley center at a slope of 
less than 5 degrees. Exceptions (i.e., sloping in a direction other than 
directly towards the Valley center and at a greater angle of dip than 5 
degrees) appear to be the result of cross-bedding rather than faulting. 
Faulting is also not revealed by any well log information.
Four main Quaternary units have been mapped in the study area. 
The highest of these in elevation is the Quaternary high terrace (Qha) 
alluvium. This unit includes unconsolidated sands and gravels, silts, 
cobbles and boulders of glaciofluvial origin, and clays and boulder-sized 
erratics of glaciolacustrine origin. Quaternary high terrace deposits are 
found on both sides of the Valley but the best expression of this unit 
within the study area is Sunset Bench, a remnant of a Pliocene pediment 
surface, now veneered with Quaternary alluvial fan sediments. 
Analysis of the well logs inventoried for the study area revealed that 
thicknesses for the high terrace alluvium range from 1 to 100 feet (0.3 
to 30.5 m). Apparently, the Tertiary was eroded to different levels 
prior to deposition of the Quaternary, resulting in an irregular pre- 
Pieistocene erosion surface and thus an irregular deposition of 
Quaternary sediments. Later erosion removed some of the Quaternary
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fill and resulted in even more irregularity in thickness for the high 
terrace sediments. Quaternary high terrace deposits are identified in 
the field by their high topographic expression, even and flat gently 
sloping surface (4 to 5 degrees towards the Valley center), and coarser 
texture when compared to the Tertiary sediments. Cobbles and 
boulders 1 foot (0.3 m) or more in diameter are common, and sands and 
graveis prevail more than silts and clays.
Quaternary low terrace alluvium (Qla) has basicaily the same 
composition as the high terrace alluvium, but has a lower topographic 
expression. The low terraces are located between the Bitterroot River 
floodplain and the high terraces, and in the floodplains of the 
tributaries, being separated from the other two units by a scarp 
anywhere from 10 feet (3.0 m) to 100 feet (30.5 m) in height. These 
low terraces are found on both the east and west sides of the study 
area. Again, thicknesses range from 1 to 100 feet (0.3 to 30.5 m). 
although the average thickness for terrace alluvium is 34 feet (10.4 m). 
Field identification is based on the coarse nature of the sands, gravels, 
and cobbles, and the flat, even surface with a slope towards the River of 
less than 1 degree. On the west, this low terrace alluvium consists of 
glacial outwash fan material in several locations, notably in the Poverty 
Flat-Bear Creek area, Sweathouse Creek. Big Creek, and McCaila and 
Silverthorn Creeks. Field identification of outwash fans is based on 
their proximity to glacial moraines or canyons that were glaciated and 
their veneer of rounded, coarse cobbles and large boulders.
Quaternary glacial moraines (Qm) consist of poorly-sorted, 
unconsolidated boulders, cobbles, gravels, sands, silts and clays. Two
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are found within the study area, a large one at Bear Creek (southwest 
corner of study area), and a smaller one at Sweathouse Creek (due west 
of Victor). Average thickness as revealed by well log information is 38 
feet (11.6 m). Moraines are recognized in the field by the undulating 
terrain and very large granitic or gneissic boulders scattered on the 
surface. These boulders may be 6 feet (1.8 m) or more in diameter. 
Moraines are also recognized in the area by their cover of evergreen 
trees.
The final Quaternary unit is the floodplain alluvium (Qfa) of the 
Bitterroot River. This is the youngest Quaternary deposit, and consists of 
well-rounded, well-sorted, unconsolidated cobbles, gravels, sands, and 
lesser clays and silts. The well log inventory reveals that the floodplain 
alluvium averages 43.3 feet (13.2 m) thick. The floodplain is identified 
in the field by its proximity to the Bitterroot River and the presence of 
deciduous trees. In some locales, it is very low-lying and swampy. 
Ponds and backwaters are abundant. It is separated from the low 
terraces by a scarp 10 to 20 feet (3.0 to 6.1 m) high.
Although Barkmann (1984) identified many faults on the basis of 
photo-linears, these cannot be readily identified in the field. The 
deposits of the Tertiary and Quaternary are not characterized by well- 
defined bedding planes, and individual beds cannot be traced from one 
outcrop to another. Exposures are poor in the study area, and man s 
activities have greatly altered the landscape. Soil and vegetation cover 
also mask any fault scarps that may be present in the site. Therefore 
this study did not reveal as many faults as Barkmann (1984) previously
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
30
identified. Comparison of Figure 4. taken from Barkmann s study, and 
Plates I and II as mapped for the present study, indicate this difference. 
B. Hydrogeology
1. Ckxurrence
Over 300 well logs were inventoried (Appendix II) for the study 
area and locations were plotted on the Victor and Bing Quadrangles. Of 
the wells inventoried, 62% were located on the West side of the 
Bitterroot River, with the majority in the Victor area and south of Victor 
along Highway 93. The remainder of the wells (38%) were plotted on 
the East side of the Valley. An analysis of well locations according to 
surficial geology units revealed the data shown in Table 1.
Table 1; Number of Wells According to Surficial Geology Units
West Side Location
Qfa 5%
Qla 75%
Qha 16%
()m 4%
Ts 0%
KpC 0%
100%
East Side Location
Qfa 9%
Qla 25%
Qha 35%
Ts 31%
KpC < 1%
100%
(percents indicate number of wells out of total for each side of Valley).
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Sunset Bench, a prominent landmark on the East side, contains a total 
of 36X of all wells inventoried for the East side. If one considers the 
units Qfa and Qla together. 80% of all wells on the West side and 34% of 
all East side wells are located on these two units.
Three units supply water to Bitterroot Valley wells. The bedrock 
unit consists of metasediments of the Precambrian Belt Supergroup. 
Cretaceous granites and gneisses of the Idaho Batholith and related 
intrusions, and in some locales. Tertiary volcanics. Fractures in bedrock 
can furnish water to wells. The well inventory compiled for the study 
area revealed only 6 wells that terminated in bedrock and all six are on 
the East side of the Valley. Identification of these six was based on the 
assumption that the driller's reference to quartz rock, sandstone, rock , 
or shale on the well logs indicates bedrock.
Tertiary sediments of the Renova and Six Mile Creek Formations 
compose the second water-bearing unit. These deposits are dominated 
by clays of lacustrine or palustrine origin that exhibit a wide variety of 
colors, including white, yellow, green, blue, brown, gray, and black. 
However, once these clays become moist, as happens when drilling a 
water well, they tend to appear blue-gray in color (McMurtrey et al_ 
1972). Therefore the appearance of blue clay in the well log is a 
marker for the Tertiary in this area (McHugh. 1982). An examination of 
the well logs for the study area revealed that 30% could be definitely 
identified as having been drilled to the Tertiary, either on the basis of 
blue-gray clay being present in the well log. or a well log consisting 
almost entirely of clay, with only thin lenses of sand and gravel.
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The Quaternary is the final unit that furnishes water to wells in 
the Bitterroot Valley. Less than 2% of all wells inventoried included a 
reference to glacial drift or granite boulders of glacial origin. These are 
all located on the West side of the Valley, and can be definitely 
identified as Quaternary (Pleistocene) deposits. The remainder of the 
well logs (48%) list mixtures of sand and gravel, with minor mentions of 
boulders, cobbles, and clay. These have been identified as Quaternary 
floodplain ((Xa) and Quaternary low terrace (Qla) or Quaternary high 
terrace (Qha) deposits on the basis of their location within the surficial 
geology units of that name. In both the Quaternary and Tertiary, the 
sand and gravel layers are the most important aquifers.
The well logs were examined in order to determine the geologic 
unit in which the wells terminate. Total numbers of wells finished in 
each unit were used to derive the data in Table 2.
Table 2: Number of Wells According to Terminal Stratigraphie Units
Qfa: 5%
(n-14)
West Side:
Qm: <2%
(n»5)
Qla: 34%
(n»100)
Qha: 6%
(n-18)
Ts: 18%
(n«54)
Total West Side: n*177
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Table 2 (continued)
East Side:
Qla: 5%
(n=15)
Qha: <1%
(n=2)
Ts: 28%
(n=83)
KpC: 2%
(n-5)
Total East Side: n-105
(n-number of wells used from well inventory for analysis)
An analysis of total drilled depths according to the well logs 
reveals that wells in the study area range from 19 feet (5.8 m) in depth 
(Qla, West side) to 580 feet (176.8 m) in depth (KpC, Sunset Bench, East 
side). Table 3 shows a further breakdown of well depths according to 
units in which the wells are finished.
Table 3: Well Depths According to Terminal Stratigraphie Units
Qfa
Range: 23-60 ft (7.0-19.2 m)
Average: 39.6 ft (12.1 m) 
n-14
West Side:
Qla
Range: 19-100 ft (5.8-30.5 m)
Average: 35 3 ft (10.8 m) 
n-101
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
34
Table 3 (continued)
Qha
Range: 25-108 ft (7.6-32.9 m)
Average. 52.0 ft (15 8 m)
11=18
Qm
Range: 28-40 ft (8.5-12.2 m)
Average: 35 0 ft ( 10.7 m) 
n=5
Ts
Range: 19-300 ft (5.8-91.4 m)
Average: 94.2 ft (28.7 m) 
n=57
East Side:
Qla
Range: 25-100 ft (7.6-30.5 m)
Average; 48.3 ft (14.7 m) 
n* 16
Qha
Range: 39-92 ft (11.9-28.0 m)
Average: 73.3 ft (22.3 m) 
n=3
Ts
Range: 28-575 ft (8.5-175.3 m)
Average: 166.4 ft (50.7 m)
11=88
KpC
Range: 180-580 ft (54.9-176.8 m)
Average: 321.0 ft (97.8 m) 
n=6
(n=number of wells used from well inventory for analysis)
Thicknesses of water-bearing layers were obtained from the well 
logs on the basis of length of perforated interval and interpretation of 
aquifer interval. Many wells perforated a number of layers of
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sediments, thus signiTlcantly increasing the aquifer interval and 
drawing water from several different lenses. Total thicknesses for 
these aquifer intervals ranged from 0.25 feet (0.08 m) to 260 feet (79.2 
m), but averaged 23.8 feet (7.2 m). Almost all of the wells inventoried 
obtain water primarily from sand and gravel layers.
The well logs were also used to plot and analyze depths to static 
water levels. Results of this investigation are reported in Table 4. One- 
half of all wells inventoried were finished in unconfined aquifers. The 
remaining confined aquifers were primarily of the semiconfined or 
leaky type, the confining bed usually being a clay layer.
Table 4: Depths to Static Water Levels According to Terminal Units 
Qfa
Range: 0.5-37 ft (0.2-U .3 m)
Average: 11.5 ft (3 5 m) 
n» 14
West Side:
Qla
Range: 1-40 ft (0.3-12.2 m)
Average: 10.9 ft (3.3 m) 
n-101
Qha
Range: 6-63 ft (1.8-19.2 m)
Average: 22.6 ft (6.9 m) 
n=18
Qm
Range: 6-20 ft (1.8-6.1 m)
Average: 11.0 ft (3-4 m) 
n-5
Ts
Range: ++ -100 ft (++ -30.5 m)
Average: 32.1 ft (9.8 m) 
n=56
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Tab le  4 (continued)
East Side:
Qla
Range: 2-42 ft (0.6-12.8 m)
Average: 16.9 ft (5.2 m)
11=16
Qha
Range: 14-60 ft (4.3-18.3 m)
Average: 40.3 ft (12.3 m) 
n-3
Ts
Range: ++ -500 ft (++ -152.4 m)
Average: 107.6 ft (32.8 m) 
n=87
KpC
Range: 25-105 ft (7.6-62.5 m)
Average: 104.0 ft (31.7 m) 
n-6
(n=number of wells used for analysis)
(++ refers to free flow of water at the surface).
Well logs were also used to make a series of cross-sections, both 
East-West or across the Valley, and North-South. These are presented in 
Appendix 111. Examination of these figures reveals the interfingering 
nature of the individual lenses, the thin, stringy character of potential 
water-bearing layers, and basically, the general jumbled hodgepodge of 
the sand and gravel deposits that may supply water to wells.
2. Movement
Static water levels in 40 wells within the study area were 
measured on a monthly basis from July 1984 to June 1985 Results are 
presented in Appendix IV. Depths to water were subtracted from the
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altitudes of the wells taken from 7 1/2 minute U.S.G.S. topographic 
maps to obtain actual elevations of the ground water surface. July and 
March values were then plotted and contoured to obtain composite 
equipotential maps for the periods of ground water high (July) and 
ground water low (March). An examination of these maps (Figures 6 
and 7) will give information on the slope of the ground water surface 
and the horizontal direction of movement, which is assumed to be at 
right angles to the contour lines. In general, during both maximum and 
minimum potentiometric periods, ground water discharges to the 
Bitterroot River, moving from both sides of the Valley towards the 
center, with the exception of the floodplain, where ground water moves 
northward, parallel to the direction of flow of the Bitterroot River, 
eventually discharging to the Bitterroot River.
Three sets of nested wells out of the forty examined monthly for 
the present study were used to sketch Figure 8. which shows the 
vertical and horizontal directions of ground water flow in cross-section. 
The higher water level in the shallower well on the right-hand side of 
the diagram indicates that the value of the hydraulic potential 
decreases downward, and that the direction of flow is then downward. 
This is then an area of recharge near the foothills of the mountains. The 
two wells that are located closer to the center of the valley are 
characterized by water levels that are approximately equal, although 
the well depths differ by 128 feet (39.0 m). This indicates an area of 
horizontal ground water flow. The two wells located on the west side 
floodplain show that this is an area of discharge, as the water level is
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higher in the deeper well, indicating that the hydraulic potential 
increases with depth, and flow is upward.
Gradients were calculated for the Tertiary and Quaternary 
sediments using the equations derived in Chapter II and the 
equipotential maps. The results are presented in Table 5
Table 5: Ground water Gradients
Quaternary floodplains 
1=0004
West Side:
Quaternary terrace deposits 
1-0.018 
Tertiary sediments 
1- 0.030
East Side:
Quaternary terrace deposits 
1=0.009 
Tertiary sediments
1-0.029
3. Quaatity
Transmissivity (T) is a measure of the amount of water that can be 
transmitted horizontally by the full saturated thickness of the aquifer 
under a hydraulic gradient of one. Table 6 presents a breakdown of 
these transmissivity values for the study area.
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Table 6: Transmissivity Values According to Aquifer Units
Qfa
Range: 506-12.510 gpd/ft (6.3-155.4 mVd)
Average: 2413 gpd/ft (30.0 m^/d) 
n*14
West Side:
Ola
Range: 232-8488 gpd/ft (2.9-105.4 mVd)
Average: 1613 gpd/ft (20.0 mVd) 
n=100
Qha
Range: 52-2100 gpd/ft (0.7-26 1 m^/d)
Average: 852 gpd/ft (10.6 mVd) 
n=18
Qm
Range: 216-1895 gpd/ft (2.7-23 5 mVd)
Average: 976 gpd/ft (12.1 m^/d) 
n-5
Ts
Range: 41-3548 gpd/ft (0.5-44.1 m^/d)
Average: 984 gpd/ft (12.2 mVd) 
n*54
East Side:
Ola
Range: 373-29,657 gpd/ft (4.6-368.4 mVd)
Average: 4657 gpd/ft (57.9 mVd) 
n-15
Oba
Range: 58-796 gpd/ft (0.7-9.9 m^/d)
Average: 427 gpd/ft (530.0 m^/d)
tt-2
Ts
Range: 28-575 gpd/ft (0.4-7 1 m^/d) 
Average; 166 gpd/ft (2 1 m^/d) 
n*88
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Tab le  6 (continued)
KpC
Range: 42-1697 gpd/ft (0.5*21.1 m^/d)
Average: 445 gpd/ft (5 5 m^/d) 
n-5
(n-nuQiber of values used in calculations)
Discharge values (Q) were calculated using a length of one mile 
(1.609 km), average transmissivity (T) values, and gradients (I) 
previously calculated from the potentiometric surface maps and 
reported in the section on ground water movement in Table 5 Ground­
water velocities (v) were then calculated using discharge (Q) values, a 
section length of one mile (1.609 km), an average cross-sectional 
thickness (b) obtained from an analysis of well log data, and values for 
porosities (n) that represent the various valley sediments. The thickness 
used for the Tertiary sediments is based on Lankston s report (1975) of 
a maximum thickness of 4000 feet (1219 m) for these deposits. 
Calculated average linear velocities are presented in Table 7.
Table 7: Ground water Velocities in Bitterroot Valley Aquifer Units 
Qfa
b-43.3ft(13.2 m)
n-0.40 (well-sorted sand and gravel; Fetter, 1980) 
v-0.08 ft/d  (0.02 m/d)
West Side:
Quaternary terrace deposits 
b=29.1 ft (8.9 m)
n-0.20 (mixed sand and gravel and glacial till; Fetter, 1980) 
v-0.62 ft/d (0.19 m/d)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
44
Tab le  7  (continued)
Tertiary sediments
b-4000 ft (1219.2 m) 
n=0 60 (clay; Fetter, 1980) 
v=0 002 ft/d  (0.0006 m/d)
East Side:
Quaternary terrace deposits 
b«33.2ft(10.1 m)
n-0.25 (mixed sand and gravel; Fetter, 1980) 
v-6.04 ft/d (1.84 m/d)
Tertiary sediments
b=4000 ft (1219.2 m) 
n=0.60 (clay; Fetter, 1980) 
v=0.002 ft/d  (0.0006 m/d)
Well yields in gallons per minute were calculated from the 
collected well logs. Only those well logs that reported a yield in gallons 
per minute after one hour of pumping were used so that the yields 
could be correctly compared with one another. These yields were then 
plotted on area maps and analyzed. Results are reported in Table 8.
Table 8: Well Yields According to Aquifers 
(in gallons per minute, gpm, after one hour of pumping)
Qfa
Range: 25-35 gpm (0.09-0.13 mVmin)
Average: 30 gpm (0.11 m3/min) 
n=4
West Side:
Qla
Range: 8-30 gpm (0.03-0.11 m^/min)
Average: 19 gpm (0.07 m)/min) 
n-31
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Table 8 (continued)
Qha
Qm
Ts
Range: 6-20 gpm (0.02-0.08 m^/min)
Average: 14 gpm (0.05 mî/min) 
n-3
Range: 6-40 gpm (0.02-0.15 m^/min)
Average: 19 gpm (0.07 m3/min) 
n=4
Range: 5-30 gpm (0.02-0.11 mVmin)
Average: 14 gpm (0.05 mVmin) 
n*20
East Side:
Qla
Range: 20-75 gpm (0.08-0.28 m^/min)
Average: 43 gpm (0.16 m^/min) 
n=6
Qha
Range: 6 gpm (0.02 m3/min)
Average: 6 gpm (0.02 m^/min) 
n=l
Ts
Range: 1.5-30 gpm (0.006-0.11 mVmin)
Average: 16 gpm (0.06 mVmin) 
n=18
KpC
Range: 7-10 gpm (0.03-0 04 mVmin)
Average: 8.5 gpm (0.03 m^/min) 
n»2
(n-number of values used to make calculations)
Hydrographs were plotted for all forty wells used in the study. In 
general, these hydrographs indicate a large increase in head during the 
May - June period, and a smaller increase in June - July, when recharge
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to the groundwater system is occurring from snow melt, high 
precipitation, and tributary and irrigation ditch infiltration. From July 
to April, levels are dropping as the system is undergoing a period of 
discharge (Figure 9). Total differences between the July water levels 
(period of ground water high, as represented by the potentiometric 
surface map shown in Figure 6) and the March water levels (period of 
ground water low. see the potentiometric surface map in Figure 7) 
were calculated for all forty wells and averaged to obtain a mean value 
of 6.36 feet (1.94 m). The study area is approximately 8 miles by 8 
miles in area (12.9 km by 12.9 km) or 64 square miles (166.4 km )̂. A 
specific yield of 0.25 (Fetter, 1980) for the 44% unconfined sand and 
gravel aquifers which were used in the study, and a storativity of 0.005 
(Fetter. 1980) for the remaining 56% confined and semiconfined 
aquifers which were examined monthly, result in an average storage 
term of 0.11 for the sediments in the area. Multiplying the size of the 
area by the mean change in head and the approximate specific yield for 
the sediments will give the total volume of water drained in the study 
area from July to March when discharge from the ground water system 
was occurring.
64 square miles i  0.0012045 miles x 0.11 = 0.0084797 cubic miles, 
or 260, 505 acre-feet
(166.4 km2 I  0.00194 km I  0.11 = 0.035 km»).
This represents the total change in storage in the system for the study 
area during the period of time in question.
To calculate the total volume of water within the sediments in the 
study area, the total volume of sediments is first calculated. The area is
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64 square miles (166.4 km^) in size. Multiplying by a total maximum 
sediment thickness of 4000 feet (1219.2 m) (Lankston, 1975) results in 
a total volume of 48.5 cubic miles (202.0 km^) of sediment. Thicknesses 
for the Quaternary deposits were calculated from the well logs, and 
averaged 35 feet (10.7 m). A specific yield of 0.25 will be used for these 
sand and gravel mixes (Fetter, 1980). The difference between the 4000 
total feet (1219.2 m) of valley fill and the 35 feet (10.7 m) of 
Quaternary deposits gives the maximum thickness for the Tertiary, 
3965 feet (1208.5 m). A specific yield value of 0.02 (clay; Fetter. 1980) 
was chosen for the specific yield of the Tertiary, as it is primarily clay. 
Taking into account these specific yield values and the thicknesses for 
the Quaternary and Tertiary, the resultant average specific yield value 
for the Cenozoic valley sediments is only 0.022. Using a value of 0.25 
(Fetter. 1980) for the porosity of the Quaternary sands and gravels, and 
0.60 (Fetter, 1980) for the porosity of Tertiary clays, and the 
thicknesses as calculated above, the resultant average porosity for the 
valley fill sediments is 0.597. Multiplying the total sediment volume by 
the porosity will give the total volume of water contained within the 
sediments. The total volume of water in the study area is then 28.96 
cubic miles (120.63 km3).
Multiplying this value by the average specific yield for the valley 
sediments (Sy = 0.022) will give the total amount of water available to 
wells or the total amount that can be pumped out of the sediments: 
0.64 cubic miles (2.65 km)) of water. The deepest well in the study 
area is 580 feet (176.9 m). Assuming then that most water is being 
pumped from the top 600 feet (183.0 m) of sediment, the total volume
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of sediment now being used to supply water to wells in the study area 
is 7.04 cubic miles (29.33 km3). Multiplying by the porosity (n = 0.597) 
gives a total volume of water of 4.20 cubic miles (17.51 km)). Using the 
specific yield (Sy = 0.022) as a multiplier results in a value of 0.09 cubic 
miles (0.39 km)) of water being available to wells that are finished in 
the top 600 feet (183 0 m) of sediment. This is only 14% of the total 
water available to wells within the study area. In other words, 
approximately 86% of all water available to wells within the study area 
is located below 600 feet (183.0 m) in depth and at present is totally 
untapped as a water supply. Caution should be used in interpreting this 
result as clay-dominated sediments are very poor water yielders.
4. Qn ^ ty
Specific conductivity values on the East side of the Valley ranged 
from 124 to 1072 micromhos/cm, and averaged 454 micromhos/cm. 
Values on the West side varied from 21 to 304 micromhos/cm, with an 
average of 110 micromhos/cm. East side pH values ranged from 6.43 to 
8.01, averaging 7.24. On the West side, pH values varied from 4.15 to 
7.74. and averaged 6.14. An analysis of specific conductivity values by 
aquifer is presented in Table 9. followed by a breakdown of pH values 
by aquifer unit in Table 10.
Table 9: Specific Conductivity Values by Aquifer Unit
Qfa
Range; 92-331 micromhos/cm 
Average: 160 micromhos/cm 
n=4
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Tab le  9 (continued)
West Side;
Qla
Range: 21-132 micro mhos/cm 
Average: 74 micromhos/cm 
n=9
Qha
Range: 34 micromhos/cm 
Average: 34 micromhos/cm 
n -1
Qm
Range: 75 micromhos/cm 
Average: 75 micromhos/cm 
n=l
Ts
Range: 113-304 micromhos/cm 
Average: 187 micromhos/cm 
n-6
East Side:
Qla
Range: 366 micromhos/cm 
Average: 366 micromhos/cm 
n=2
Qha
Range: 317-331 micromhos/cm 
Average: 324 micromhos/cm 
n=2
Ts
Range: 202-1072 micromhos/cm 
Average: 520 micromhos/cm 
n=14
KpC
Range: 326 micromhos/cm 
Average: 326 micromhos/cm 
n= 1
(n=number of values used in calculations)
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Table 10: pH Values According to Aquifer Unit
Qfa
Range: 6.47-6.94 
Average: 6.67 
n=4
West Side;
Qla
Range: 4.75-6.41 
Average: 5.79 
n-9
Qha
Range: 6.02 
Average: 6.02 
n«l
Qm
Range: 6.02 
Average. 6.02 
n-1
Ts
Range: 5.72-7.74 
Average; 6.62 
n=6
East Side;
Qla
Range: 7.11 
Average; 7.11 
n=2
Qha
Range: 6.82-7.71 
Average: 7.27 
n-2
Ts
Range: 6.43-7.81 
Average: 7.27 
n-14
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Table 10 (continued)
KpC
Range. SOI 
Average; SOI 
n= 1
(n=number of values used in calculations)
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ŒAPTER IV 
DISCUSSION
A. Limitations of the Data Base
The data from the previous chapter must be analyzed in order to 
arrive at recommendations for future water management, based on the 
current situation of wells within the study area. It should be kept in 
mind that the data base upon which many of the following 
interpretations rest is small. Only forty wells were measured monthly 
and analyzed for basic water quality, and conclusions were drawn 
concerning entire aquifer systems when only a limited number of wells 
from which to draw data terminated in those units. However, the 
results are valid within the limitations imposed by the relatively small 
data base.
B. Aquifer Extent
The cross-sections based upon well logs inventoried for the study 
area (Appendix II I)  indicate the discontinuity of the Valley sediments, 
and the difficulties involved in attempting to correlate individual layers 
across any considerable distance. No individual stratum exhibits 
widespread areal extent. These valley sediments, with the exception 
of air-borne ash, were deposited on alluvial fans by anastomosing 
streams (Hoffman, 1972; Figure 10). Figure 11 shows a schematic 
representation of the East side Tertiary deposits. The colluvial deposits 
are coarse but angular and poorly-sorted, containing an admixture of 
many fines, and will yield little, if any, water. Tertiary fan deposits are
53
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primarily fine-grained, and will yield little water. Tertiary flood plain 
and paludal or swamp deposits are very fine-grained clays and silts and 
will not yield adequate amounts of water to wells.
Channels of sand and gravel occur within the more fine-grained 
clays of the flood plain. Such isolated sand and gravel lenses are the 
best aquifers but as they were apparently deposited in narrow, winding 
and branching stream beds, they exhibit no great lateral extent, and 
cannot be traced through the area, nor can they be easily located in the 
subsurface. Over the millions of years of sedimentation in the Tertiary, 
these streams changed their courses many times. Figure 12 illustrates 
this point. A vertical drill hole that penetrates a sand and gravel 
channel at one point in the Valley may miss that same channel if drilled 
only a short distance away. Drilling becomes a hit-and-miss 
proposition. Thus the manner of deposition led to what appears to be a 
confusing array of sediments and aquifers. This has been further 
complicated by the faulting that has occurred in the Bitterroot Valley 
(Barkmann. 1984).
Drilling is also somewhat of a hit-and-miss affair in the 
Quaternary units, as they also consist of interfingering layers of sand 
and gravel with lesser amounts of boulders and clay, having been 
deposited in a wide variety of rapidly changing fluvial, glaciofluvial, and 
glaciolacustrine environments (McMurtrey, et. al.. 1972). The high 
terraces especially show this lateral and vertical intergradational aspect 
of the deposits.
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C. Feu Pgpths
In general, the low terraces and floodplains have coarser 
unconsolidated sediments, less abundant clay, and better sorting. 
Examination of Table 3 reveals that, for both sides of the Valley, the 
shallowest wells are drilled in the units of Quaternary floodplain (Qfa) 
and low terrace (Qla) alluvium. Wells in the moraines (Qm) of the West 
side are also relatively shallow. Wells in the high terrace alluvium 
(Qha) are on the average deeper, although there are exceptions, with 
wells as shallow as 25 feet (7.6 m). The high terraces on the West have 
shallower wells on the average than do the high terraces of the East.
Wells located in the Tertiary unit (Ts) are on the average quite 
deep (138 feet or 42.1 m). although exceptions include wells as shallow 
as 19 feet (5.8 m). Wells in the East side Tertiary are deeper than those 
in the West. According to a seismic study of the Bitterroot Valley 
(Lankston, 1975). the Cenozoic sediments are not as thick on the West 
side of the Valley when compared to the East (Figure 13), so one cannot 
drill as deep without encountering bedrock, which is a very poor 
aquifer in the Valley. Wells completed in bedrock (KpC) in the study 
area are all deep, being more than 180 feet (54.9 m) in depth. Bedrock 
is a poor choice for well locations, as it will only yield small amounts of 
water from joints or weathered surficial material, and successfully 
locating a water-bearing joint system or a weathered zone of sufficent 
thickness to contain much water will be due more to luck than to 
geologic knowledge or drilling skill.
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D. J>epths to static Water Levels
Table 4, depths to static water levels, shows a trend similar to 
that revealed by total drilled depths. In general, the static water levels 
in wells are at greater depths on the East side than on the West. Static 
water levels are found at shallower depths in the Quaternary floodplain 
and low terrace alluvium and glacial moraines than in the other units. 
The Quaternary high terrace alluvium. Tertiary sediments, and bedrock 
wells exhibit static water levels at great depths when compared to the 
floodplains and low terrace alluvium. As it is much less expensive to 
drill a shallow well than a deep one, and less expensive in terms of 
electrical input to pump water a short distance rather than a great, it 
is obviously desirable to drill a shallow well and have the static water 
level as near to the surface as possible.
E. Tran? mig$ivity.-V.glii£s
Total drilled depths and depths to static water levels are not the 
only factors to be considered when locating a new well. The quantity of 
water that is available is also important. Thus one one must consider 
transmissivities (T values) and well yields. According to Table 6, the 
Quaternary low terraces and floodplains exhibit the highest 
transmissivity values, while the Quaternary moraines, high terraces. 
Tertiary sediments, and bedrock are characterized by lower 
transmissivities.
Since transmissivity is the product of hydraulic conductivity and 
aquifer thickness, it is obvious that a thicker aquifer interval or a 
higher hydraulic conductivity value will result in a larger transmissivity
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value. The Quaternary sands and gravels are on the average thicker (35 
feet or 10.6 m) than the sands and gravels in the Tertiary, which are as 
thin as 0.25 feet (0,08 m). Thus one would expect higher transmissivity 
values in the Quaternary than in the Tertiary. Hydraulic conductivity 
(K) is a function of properties of both the porous medium and the fluid 
passing through it. Since the properties of ground water in the 
Bitterroot Valley will remain basically constant, they can be ignored, 
and hydraulic conductivity becomes a function of the permeability of 
the medium only. The well-sorted, unconsolidated sands and gravels of 
the low terraces and floodplains have the highest conductivity of any 
sediments within the Valley. The West side low terrace outwash fans 
have lower K values and thus lower T values when compared to the 
stream-deposited sediments of the East side low terraces, which are 
characterized by higher hydraulic conductivity and transmissivity 
values. The high terrace deposits are somewhat fine-grained, not well- 
sorted, and are more consolidated as they are older, thus will have low 
K values and therefore low T values. Also, the well log analysis revealed 
that the high terrace deposits were on the average not as thick (29 feet 
or 8.8 m) when compared to the low terrace and floodplain deposits (37 
feet or 11.3 m) and will thus have lower transmissivities.
Analyzing transmissivity values of the West side Quaternary high 
terraces according to the number of values that lie above or below the 
mid-point (1076 gpd/ft or 13.3 m^/d) results in the finding that 72% of 
the wells finished in the West side Quaternary high terraces are 
characterized by relatively low transmissivity values (below the mid­
point). while only 28% have relatively high values (above the mid-
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point). The conclusion reached is that when drilling a well in these 
deposits, there is a 72% chance of completing the well in a poor aquifer. 
Of course, this assumes that the mid-point actually does describe the 
difference between an adequate and an inadequate aquifer. Although 
this conclusion relies heavily on assumptions, it is valid to state that 
there is certainly less than a 30% chance of reaching an aquifer 
characterized by high transmissivity values in the high terrace sands 
and gravels on the West side of the study area. This is based on a total 
of 18 different transmissivity values. As the well inventory resulted in 
only two values for transmissivities in the East side high terraces of 
Quaternary age, and only one value for a yield, this type of analysis 
would not be valid for analyzing chances of completing an adequate 
well in the Quaternary East side high terraces within the study area.
The moraines are characterized by poorly-sorted sediments with 
large amounts of clay, and so will have low K values and thus low T 
values The Tertiary sediments are primarily clays and will have very 
low hydraulic conductivity values and correspondingly low 
transmissivities. Crystalline bedrock is characterized by low hydraulic 
conductivity and will therefore also have low transmissivity (Fetter. 
1980).
It  should be kept in mind that all values calculated from 
information obtained from well logs can be considered as estimates 
only. Well logs are written by drillers, not by hydrogeologists, and 
therefore do not contain the accuracy desired by a hydrogeologist. It 
was necessary for the author to estimate aquifer thicknesses and they 
may be incorrect. The equations used to calculate transmissivities are
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
63
based on wells that are 100% efficient and fully penetrate a 
homogeneous and isotropic aquifer. These assumptions are not valid for 
these wells, therefore the transmissivity values reported here may be 
in error, resulting in calculated values that are lower than actual values. 
However, the trends throughout the Valley will be accurate, so that 
higher transmissivities do indeed characterize the floodplains and low 
terraces when compared to the other aquifer units.
Table 8 reports well yields calculated from well log data. 
Quaternary floodplain and East side low terrace alluvium show the 
largest well yields, when compared to all other units.
All of the above data indicate that drilling a well on the floodplain 
of the Bitterroot River or on the low terraces bordering the floodplain 
will be more likely to ensure adequate supplies than would drilling 
elsewhere within the study area.
The average per capita consumption of water in this country is 
about 100 gallons per day, thus it would appear that all of the aquifer 
units analyzed for this study can supply plentiful amounts. Even the 
lowest value reported in this study (1.3 gallons per minute or 0.006 
mVmin for the Tertiary) appears to be more than adequate. However, 
the well log inventory does not accurately reveal the number of dry 
holes that were drilled into the Tertiary, or the number of wells that 
began as adequate producers, and later failed. This can only be 
revealed by interviewing the Valley residents. For example, one 
rancher on the West side high terrace reported drilling a total of four
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wells into the Tertiary, the first three of which stopped producing 
shortly after being drilled. Several Valley residents reported a number 
of instances of this type of occurrence. Two of the wells used in this 
study for monthly water level measurements dropped a total of 88 feet 
(26.8 m) and 48 feet (14.6 m) respectively over the period of 
measurement. One of these is only producing approximately one gallon 
per minute, and the other is pumping sand. Both are completed in the 
Tertiary of the East side and are located on Sunset Bench According to 
Johnson (1973) domestic wells should supply at least 3 gallons per 
minute (0.02 mVmin). The conclusion reached is that many of the 
relatively thin water-bearing units in the Tertiary do not have adequate 
enough areal extent to be recharged, and thus will eventually be 
over pumped, and stop producing.
Sand and gravel channel deposits will be the best aquifers within 
the Tertiary. Lankston (1975), working with seismic refraction, 
concluded that seismic data do not give adequate information for 
locating one of these water-bearing channels and cannot be used to 
replace actual well drilling. However, he did find a low velocity zone in 
the center of the Valley, and concluded that the Bitterroot River has 
occupied the same general position within the Valley since early 
Tertiary time. Sediments there are less consolidated and more 
saturated, therefore exhibit lower seismic vélocités.
An examination of well yields for the Tertiary reveals that, in 
general, patterns of yields cannot be recognized within the Valley. For 
example, if the tributaries to the Bitterroot River also always occupied 
their same general locations, one would expect higher yields for wells
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completed in the Tertiary in the modern-day tributary drainages when 
compared to wells from other sites. However, no such pattern could be 
distinguished for any of the modern tributary systems with the possible 
exception of the Burnt Fork drainage, where the average yield for wells 
completed in the Tertiary was 20 gallons per minute (0.08 m^/min). 
However, this was based on only five wells, so the validity of the 
conclusion is questionable.
Within the Bitterroot River floodplain. yields for wells finished in 
the Tertiary were on the average higher than throughout the rest of 
the study area (21 gpm or 0.08 mVmin as opposed to 13 gpm or 0.05 
mVmin), confirming Lankston s conclusion that the Bitterroot River has 
occupied the same general site throughout the Cenozoic. Again, the data 
base was small (5 wells) for reaching this deduction, but this seems to 
reaffirm the conclusion that siting a well near the Bitterroot River is the 
most likely way to get an adequate water yield from the Cenozoic 
sediments of the Valley.
By analyzing well yields according to values above or below the 
mid-point, it was found that 65% of all wells finished in the Tertiary of 
the West side have relatively low yields (less than 17.50 gpm or 0.07 
m5/min). and 61% of all wells completed in the Tertiary of the East side 
are characterized by poor yields (below 15.75 gpm or 0.06 m^/min). 
This was based on only 20 and 18 values respectively, but the 
conclusion reached is that there is certainly less than a 50% chance of 
obtaining an ample yield of water from a well finished in the Tertiary. 
Again, the only exception would be in the present-day floodplain of the 
Bitterroot River.
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G. Gradients
The slope or gradient of the ground water surface (Table 5), as 
calculated from the composite potentiometric maps (Figures 6 and 7). 
ranges from as low as 0.004 ft /ft  (0.0003 m/m) in the Bitterroot River 
floodplain, to as high as 0.030 ft/ft  (0.009 m/m) in the West side 
Tertiary sediments. The ground-water surface mirrors the land surface, 
having the same general shape as the surficial topography. Therefore 
where the slope of the ground is greatest, as on the western edge of 
Sunset Bench, the slope of the ground water will be great and ground­
water movement will be primarily vertically downward. In the 
floodplain. the ground surface slope is very gentle, thus the water table 
gradient is low. and the contour lines are very far apart. Ground-water 
movement will be primarily horizontal with a very small vertical 
component of movement upward, and flow will parallel the River.
Higher gradients are necessary for water to move through the 
more impermeable, clay-rich sediments of the Tertiary that are 
characterized by lower hydraulic conductivities, therefore the higher 
gradients are in the Tertiary sediments. On the other hand, the coarse, 
permeable sediments of the Bitterroot River floodplain that have high 
hydraulic conductivity values require a lower gradient for ground­
water movement. The Quaternary terrace deposits are intermediate in 
permeability and thus exhibit gradients intermediate between those of 
the floodplain and Tertiary sediments under steady state conditions. 
The West side terraces require higher gradients than in the East 
because their glacial outwash origin has resulted in a more 
impermeable and poorly-sorted, finer-grained deposit than the stream
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deposited sediments of the East side The higher gradients are required 
to move water through the more impermeable sediments.
H. Ground water Velocities
Average linear ground-water velocities are reported in Table 7. 
These values range from 0.002 ft/day (0.0006 m/day) in the Tertiary, 
to 6.04 ft/day (1.84 m/day) in the Quaternary terraces of the East side. 
Referring back to the equations used, it is apparent that velocities 
depend on the values used for transmissivities, hydraulic gradients, 
aquifer thicknesses, and porosities. The higher porosity, lower 
transmissivity, and thicker sequences of Tertiary sediments result in 
lower ground-water velocities than in the thinner Quaternary deposits 
which have relatively lower porosities and higher transmissivities. The 
low gradient results in a low velocity (0.08 ft/day or 0.02 m/day) for 
ground-water movement in the floodplain. The East side terraces are 
characterized by higher ground-water velocity (6.04 ft/day or 1.84 
m/day) when compared to the ground-water velocity of West side 
terraces primarily due to the high transmissivity values reported for 
the East side low terraces (Table 6).
It has been pointed out previously in this study that information 
obtained from well logs may lack geologic detail, thus resulting in 
inaccuracies in calculated data. If any of the above pieces of data were 
incorrect due to well log inaccuracies, the final calculation of ground­
water velocity will also be in error. It is possible that this type of error 
occurred in calculating the velocities reported in Table 7.
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Previous researchers have calculated velocities ranging from 1.09 
ft/day (0.33 m/day) in the Tertiary, to 1.92 ft/day (0.59 m/day) in the 
Bitterroot River floodplain alluvium, and 2.73 ft/day (0.83 m/day) in 
the low terrace alluvium on the West side of the River, with all values 
reported being less that 3 00 ft/day (0.91 m/day) (McMurtrey et. al 
1959, 1965, 1972). Values reported in this study are obviously much 
lower, with the exception of the Quaternary East side terraces, which 
are much higher than any previously reported ground water velocity 
for the Bitterroot Valley. However, velocities reported in the present 
study follow a trend similar to that reported in the investigations by 
McMurtrey et. al. (1959, 1965. 1972). Therefore, velocities are lowest in 
the Tertiary, somewhat higher in the Quaternary floodplain. and higher 
still in the Quaternary alluvium.
I. RechacR̂  and PiagharRg Patterns
The hydrographs plotted for the forty wells used for intense study 
indicate trends in recharge and discharge to the aquifers. The shallow, 
unconfined aquifers that are characterized by relatively shallow static 
water levels receive recharge from such sources as surface runoff, 
precipitation, snowmelt. and infiltration from tributaries and irrigation 
ditches (McMurtrey et.al.. 1972). The deeper confined aquifers, with 
static water levels at great depths, primarily receive recharge from the 
downwards seepage of ground water from the shallower aquifers and 
overlying aquitards (Figure 14). or from direct sources of recharge in 
the foothills of the mountains (Figure 15). The shallower wells that 
receive sufficient recharge will exhibit less net drawdown than wells
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completed in the deeper aquifers that do not receive adequate recharge. 
Therefore a hydrograph of a shallow well will show less fluctuation in 
water level throughout the year than will a deep well.
Figures 16 and 17 illustrate these points. The first hydrograph is 
for a shallow well (45 feet, or 13.7 m) finished in an unconfined 
Quaternary aquifer that exhibits little variation in static water level 
throughout the year (less than 5 feet or 1.5 m). recharge being 
approximately equal to discharge on an annual basis. The second 
hydrograph shows a deep well (310 feet or 94.5 m) terminated in the 
Tertiary that is characterized by large fluctuations in static water level 
(over 80 feet or 24.4 m). The deep well finished in the Tertiary is in a 
confined system, and thus is characterized by a small storage coefficient 
value (0.005 or less: Fetter. 1980). There can be a large decline in head 
but very little actual water removed from storage in these confined 
systems (Figure 18). The aquifer remains saturated, but if the 
potentiometric surface drops below the level of the pump, the well 
stops producing. The hydrograph for this deep well completed in a 
confined Tertiary aquifer shows a decrease in head of over 88 feet (26.9 
m) from July 1984 to June 1985 Net discharge appears to be exceeding 
net recharge on an annual basis. The well log indicates a very thick 
confining unit (260 feet or 79.3 m of clay) overlying the water-bearing 
sand unit. This system does not appear to be connected hydraulically to 
any adequate source of recharge and is most likely a small lens of 
limited areal extent that may be the result of the original environment 
of deposition or faulting (Figure 19). Several of the confined Tertiary 
wells examined for this study exhibited this same trend.
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However, other wells completed in confined Tertiary systems 
exhibited patterns of recharge and discharge similar to those of the 
unconfined, shallow wells completed in Quaternary sediments. The 
hydrograph in Figure 16 shows the spring and early summer recharge 
from snowmelt. high rainfall, and irrigation ditch infiltration as early as 
April, and continues through July. Another period of recharge to the 
ground water occurs in the autumn and corresponds to the precipitation 
high recorded in the fall. This hydrograph corresponds to the 
precipitation recorded for the 1984-85 period of measurement, as 
shown in Figure 20 (NOAA,1984; oral communication. Brooke Thompson, 
U.S.D.A. Stevensville Ranger Station, 1985). The hydrograph for the 
deep well in Figure 21 shows a similar response to the periods of high 
precipitation. These deep aquifers are either hydraulically connected 
to the shallow ones, or to direct sources of recharge in the foothills of 
the mountains.
This study has revealed one exception to the response of the 
aquifers to early summer precipitation. Figure 22 is a hydrograpb for a 
well located only 20  feet (6.1 m) down-gradient from one of the large 
irrigation ditches in the Valley. This hydrograph shows a large increase 
in head in the early spring, which continues all summer, before 
beginning to drop in the early fall. The increase in head throughout the 
summer reflects recharge from the irrigation ditch that is running 
through the summer. This illustrates the importance of the irrigation 
ditches as a source of recharge to the ground-water system.
A previous study (McMurtrey et.al.. 1972) revealed that during 
one spring period of measurement (June, 1958), the Valley received one
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of ils highest precipitations on record, but water levels in wells were 
quite low compared to other years. The conclusion reached was that the 
large amount of rainfall received that spring postponed the need for 
irrigation until later in the summer The ditches were therefore not 
filled until after June. Obviously then, since water levels were low, 
recharge supplied by precipitation was less than that normally supplied 
by irrigation.
A comparison of precipitation normals (1951-1980) for the 
Stevensville recording station with that received for the period of time 
of this study (June 1st. 1984 - May 31st. 1985) indicates that 
precipitation was down 3.80 inches (9.66 cm) from normal (Figures 20 
and 23). However, many of the hydrographs actually indicate an 
increase in head between the June 1984 measurement and the June 
1985 measurement (Figure 16). which would not be expected from the 
low precipitation received during this period when compared to 
precipitation normals, if recharge was primarily due to infiltration of 
rainfall.
Therefore it is important to examine the possibility of recharge 
from irrigation ditches in more detail. Total Ravalli County Bitterroot 
Valley acreage is approximately 520.960 acres (2.1 X 10  ̂ m )̂. and the 
total number of actual irrigated acres is approximately 106,872 acres 
(4.3 X 10* m2), or about 20.5% of all land in the Valley (Soil 
Conservation Service, 1959). Carrying capacities for the ditches range 
from less than 25 ft*/second (0.7 mVs) to 400 ft^/second (11.2 m^/s). 
with the average being approximately 100  ft^/second (2.8 m^/s) for the 
larger ones. Literally thousands of miles of canals compose the
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irrigation network in the Bitterroot Valley. An estimated 25% of the 
water within the ditches is lost directly to évapotranspiration, but it is 
apparent that a considerable quantity of water is still available to be 
delivered to the fields from these canals (oral communication. Pat 
Vaughan. Soil Conservation Service, 1985).
Assuming that 20.5 % of the total acreage within the study area is 
under irrigation, which is the average for the Valley, the study area 
contains 8397 irrigated acres (3-4 X 10  ̂ m )̂. Each acre requires about 
two feet (0.6  m) of water during the growing season (oral 
communication, Pat Vaughan. Soil Conservation Service. 1985). so 
16,794 acre-feet (2.1 X 10  ̂ m )̂ of water is applied to the irrigated 
fields within the study area each year. According to estimates, the 
plants transpire about 60% of the water that is applied to the fields 
(oral communication, Pat Vaughan, Soil Conservation Service, 1985). 
This leaves about 6718 acre-feet (8.3 X 10  ̂ m)) left to recharge the 
ground water, evaporate, or add to surface runoff.
The irrigation season is generally considered to be from May 1st to 
October 1st, a period of five months. In 1984, from May 1st to 
September 30th. 5.55 inches (14.11 cm) of precipitation were received 
at the Stevensville recording station (NCAA, 1984). Assuming that this 
same amount was received throughout the entire study area, which is 
approximately 40,960 acres (1.7 X 10* m )̂. 18.944 acre-feet (2.3 X 10  ̂
m3) of precipitation fell in the study area during the growing season.
It has been estimated that, during the growing season (April- 
October), at least 8 8 % and maybe as much as 100% of all precipitation 
received in the area is used up in évapotranspiration (Geldon, 1979).
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Since the estimate for the United States as a whole indicates that about 
70% of ail rainfall received is returned to the atmosphere through 
évapotranspiration (Skinner, 1976), Geldon s figures are probably 
accurate for the semiarid climate of the Valley floor If approximately 
8 8 % is used up in évapotranspiration, a maximum of 2273 acre-feet 
(2.8 X 10  ̂ m3) of precipitation is available to recharge the ground 
water or add to the surface outflow.
The amount available from precipitation (2273 acre-feet or 2.8 X 
10  ̂ m3) is only 23% of the total available from precipitation and 
irrigation combined. Obviously, if 100% of the rainfall in the growing 
season is lost to évapotranspiration, then the amount available from 
precipitation drops to zero.
A hydrological balance (inputs^outputs+change in storage) for the 
study area indicates that inputs to the system include rainfall, irrigation 
water, snowmelt, and surface inflow. Outputs include 
évapotranspiration, surface outflow, and flow-through irrigation water. 
Ground water recharge corresponds to the change in storage in the 
equation. Obviously then, the above data for recharge from 
precipitation versus recharge from the irrigation canals is overly 
simplified, as there are a number of other possibilities for ground-water 
recharge.
The hydrographs indicate an increase in head in the spring and 
early summer which is a period of high rainfall in the area, and also 
the time of high recharge from irrigation canals and snowmelt. 
Therefore, the exact amount of recharge from precipitation versus that 
from the irrrigation system cannot be determined, but from the above
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8 4
discussion, il can be concluded thaï certainly no more than 25% of the 
recharge comes from rainfall when compared to that available from 
irrigation, and according to Geldon (1979), it is possible that none at all 
is from precipitation.
It  is now evident that the leaky irrigation ditches are a very 
important source of recharge to the ground-water system in the 
Bitterroot Valley. One Bitterroot Valley resident and distinguished 
geologist (Dr. Albert Engel. Scripps Institute, California) believes that 
90% of the water that recharges the Valley's aquifers comes from open 
irrigation ditches and sheet flooding (oral communication, A. Engel. 
1984). This figure would agree with the number calculated above that 
shows recharge from rainfall to be of minor importance when 
compared to the potential of recharge from irrigation canals.
Sprinkler irrigation is a more efficient method for watering crops 
than the old-fashioned ditch system or sheet flooding. Using sprinklers 
would result in 5 % or less of the total amount of water applied in 
irrigation leaking into the ground-water system (Geldon, 1979; oral 
communication. Pat Vaughan, Soil Conservation Service. 1985). The 
remainder is used directly by the plants or lost by évapotranspiration. 
Previous studies have recommended that a change should be made to 
sprinkler irrigation so that water is not wasted (Senger, 1975). 
However, 5% of the water now applied to the irrigated lands within the 
study area is only 840 acre-feet (1.0 X 10  ̂m )̂, a significant decrease in 
amount available for recharge. Obviously, for ground-water recharge 
purposes, a change to sprinkler irrigation in the Bitterroot Valley could 
have serious consequences.
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J. Specific Conductance
Specific conductance is a measure of the ability of the water 
sample to transmit an electrical current, and is directly related to the 
concentration of dissolved solids in the water. Multiplying the specific 
conductance value which has been corrected to 25® C. by an average 
factor of 0.67 (McKenzie et. al 1975) gives an approximate number for 
the total dissolved solids in the sample in milligrams per liter. Dissolved 
solids in the ground water in the Bitterroot Valley, as reported by 
McMurtrey et.al. (1972), include silica, iron, calcium, magnesium, 
sodium, potassium, bicarbonate, sulfate, chloride, fluoride, nitrate, and 
boron.
From an examination of data obtained for this study, East side 
conductivity values, and therefore also total dissolved solids, are higher 
than West side values. Total dissolved solids on the East side range from 
approximately 83 to 718 mg/liter, averaging 304 mg/liter. Values for 
the West side range from 14 to 204 mg/liter and average 
approximately 74 mg/liter. It  is recommended that drinking water 
have no more than 500 mg/liter of dissolved solids, although water 
with up to 1000 mg/liter can be used (Fetter. 1980), therefore all wells 
sampled contained water of adequate quality.
The difference between East and West side values relates to the 
discussion on surface water quality of Chapter I. It was pointed out 
that the rocks composing the Bitterroot Mountains are primarily 
granites and gneisses which are relatively insoluble in water, as 
compared to the rocks of the Sapphire Mountains, which include more 
soluble deposits such as limestones. Thus the tributaries that head on
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the West side of the Valley exhibit lower concentrations of dissolved 
solids than do streams coming from the East. This is reflected in the 
ground-water system, as West side ground water has lower specific 
conductivity values and therefore lower concentrations of dissolved 
solids when compared to the East side. Also, the more arid climate of 
the East side has resulted in a number of caliche horizons in the soils. 
Ground water passing through these horizons would dissolve the 
constituents and add more dissolved solids to the system. McMurtrey 
et.al. (1972) found lime concretions along bedding planes in the 
Cenozoic sediments on the East side of the Valley, apparently derived 
from solution of the carbonates in the bedrock of the Sapphires. This 
would also add dissolved solids to the system.
Table 9 indicates that conductivity values are higher in the ground 
water in the Tertiary sediments than in the Quaternary for both sides of 
the Valley. This is likely due to Tertiary sediments being relatively 
impermeable, and the rate of ground-water movement very slow, 
allowing time for relatively more dissolution of rock material to occur, 
thus adding additional amounts of dissolved solids to the ground-water 
system. Konizeski and Alt (1972) age-dated some ground water in the 
Missoula Valley as 18,000 years old or more. As these two valleys 
probably had similar histories, one can assume that Bitterroot Valley 
ground water may achieve ages as great, thus providing a vast amount 
of time for dissolution of minerals out of the sediments.
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Ground water on the West side tends to be slightly acidic (pH of 
less than 7) while the East tends toward the alkaline (pH over 7). This 
is again likely due to the associated rocks and deposits. The more easily 
eroded carbonates contained in the Sapphire Mountains will not only 
result in an increase in total dissolved solids but will add buffers to the 
system as well. For example, the limestones of the Precambrian Belt 
Supergroup in the Sapphire Mountains are readily soluble in water, and 
the following reaction occurs:
H2O + CaCOg -> Ca*  ̂+ HCOg + 0H~
The Ca^2 HCO3- w ill increase the specific conductance of the water 
and the OH- and HCO3- ion will increase the alkalinity. McMurtrey et. al 
(1972) reported that both surface and ground water from the East side 
of the Valley was primarily of the calcium magnesium bicarbonate type, 
confirming this reaction. The pH of water from aquifers in bedrock 
(KpC) on the East side of the Valley is higher than for any other unit and 
is quite alkaline and thus very well buffered, as would be expected 
from the geologic environment.
A number of Valley residents complained of excessive iron in their 
water (difficulty in getting their laundry white, stains in their plumbing 
fixtures) and of the hardness of their water (expense of purchasing a 
water-softener, encrustations on plumbing fixtures). The wells with 
excessive iron were all finished in the Tertiary. A previous study 
(Konizeski and Alt, 1972) reported ferruginous clays in the Tertiary 
valley fill sediments of western Montana, the probable cause of the 
iron-rich ground water. The wells that exhibited excessively hard
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ground water were all located on the East side of the Valley, and were 
also finished in the Tertiary. This is again a reflection of the fact that 
erosion of the more soluble Sapphire Mountain rocks on the East will 
result in higher concentrations of dissolved solids in both the surface 
water and the ground water. Also, the slower movement of ground 
water in the Tertiary sediments allows time to dissolve more minerals 
There were no reports of unpalatable water. In general then, ground 
water in the part of the Bitterroot Valley studied is of acceptable 
quality.
It was pointed out previously in this report that approximately 
8 6 % of all water within the Cenozoic valley sediments is at present 
totally untapped as a water supply, as it is located at depths greater 
than those presently drilled for water wells in the area. This would 
seem to mean that there should never be a physical problem with 
ground-water quantity in the Valley. However, the expected yields 
would be low as would the transmissivity values, because this deep 
water supply is contained within the Tertiary sediments which are poor 
aquifers. Therefore, although the water is there, for all practical 
purposes, it is unavailable. Also, the cost of drilling a water well to 
such great depths and pumping the water to the surface would be 
prohibitive.
In view of the above discussion, it is concluded that the Quaternary 
floodplain and low terrace sediments are the most important aquifers in 
the study area. No water-bearing layer in the Valley is of any great
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areal extent, thus drilling will continue to be a hit-and-miss 
proposition. However, the likelihood of reaching an adequate aquifer at 
a shallow depth will continue to be greater in the floodplain and low 
terrace alluvium near the Bitterroot River than in any other location.
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CHAPTER V 
CONCLUSIONS
A. Summary
The purpose of this project was to map the gross surficial geology 
and determine the occurrence, movement, quantity, and quality of 
ground water in the Victor and Bing Quadrangles in the northern 
Bitterroot Valley of western Montana. This valley has experienced an 
extremely involved geologic history with a resultant intricacy exhibited 
in both the structure and stratigraphy of the area, confusing the 
hydrogeologic picture. Up to 4000 feet (1219.2 m) of Cenozoic 
sediments may be present within the Valley (Lankston, 1975). These 
sediments are primarily thick sequences of clay and ash with smaller 
lenses of sand and gravel. The complex arrangement of these deposits 
is due to the environment of deposition and faulting in the region. Only 
the sand and gravel lenses make adequate aquifers and locating one of 
these discontinuous layers when drilling a well is by trial-and-error
However, some conclusions can be drawn from the results of this 
study that will aid Bitterroot Valley residents and prospective 
landowners in their search for an acceptable water well. Mapping 
revealed four surficial Quaternary units (high terraces, low terraces, 
flood plains, and moraines), one main Tertiary unit, and pre-Tertiary 
bedrock. Data from over 300 well logs for the study area were 
examined and correlated to determine regional trends in total drilled 
well depths, depths to static water levels, transmissivities, well yields, 
and average linear ground-water velocities. Water levels in 40 wells
90
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were measured on a monthly basis for a period of one year to 
determine ground water movement and seasonal fluctuations in 
ground water quantity. Water quality was tested in these same 40 
wells and trends were correlated.
In general, water quality is better on the West side of the Valley 
than on the East. All water samples taken from wells in the study 
area were of acceptable quality. Therefore, at this time, poor quality is 
not a problem within the study area. This could change in the future, 
because septic system failure, gasoline spills, and similar contaminants 
can easily be introduced into the system.
Ground water moves towards the Bitterroot River from both 
sides of the Valley. The only exception is the Bitterroot River flood plain 
itself. Here ground water moves northward, parallel to the direction of 
flow of the Bitterroot River, as it discharges to the River.
Ground water recharge occurs in the spring and early summer 
(primarily May through June) due to snowmelt. rainfall, and leakage 
from the irrigation ditches. The water in the irrigation ditches comes 
from the Bitterroot River, its tributaries, and Lake Como. These 
sources of irrigation water receive their water supply from 
precipitation, primarily snowmelt. Therefore it can be said that all 
ground water in the Bitterroot Valley is ultimately derived from 
precipitation, principally from snowmelt. Late winter (March) is the 
time of low ground water levels, and some wells in the Valley 
experience problems with excessively low water levels and 
correspondingly inadequate water yields at this time of year.
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The data on transmissivities, well yields, and depths revealed 
that the Quaternary flood plain and low terrace alluvium contain the 
best aquifers in the study area as they are most likely to be able to 
economically supply water to wells. The crystalline bedrock. Tertiary 
units, and Quaternary moraines and high terraces tend to be poor 
aquifers. One of the main problems that must be faced when studying 
the hydrogeology of the Bitterroot Valley is that there is not one major 
extensive aquifer, but rather a number of sand and gravel lenses or 
paleochannels that can furnish water to wells. Drilling into one of these 
paleochannels at a reasonable depth will continue to be a hit-or-miss 
proposition, depending more on luck than skill. Predicting the locations 
of these lenses is not possible. The conclusion reached is that there is a 
limited supply of ground water available to weUs in the study area.
B. Recommendations
It is apparent from the above conclusions that future well 
development should be in the low terraces and flood plains of the 
Bitterroot River and its main tributaries if at all possible As one moves 
away from the Bitterroot River, the likelihood of finding an adequate 
supply of water at a relatively shallow depth decreases. In order to be 
certain of water supply in any new well, drilling should be done in late 
winter, when ground-water levels are low. If one finds adequate water 
in late winter, one can be fairly certain of adequate water year-around.
As development continues in the Bitterroot Valley, more 
problems may occur in terms of both quantity and quality. Further 
research is needed to determine how much water can be safely
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withdrawn from any one area without adversely affecting the total 
ground water supply. Replacing the old irrigation ditches with 
sprinklers may diminish the recharge to the system Each additional 
septic tank installed in the area increases the chances of polluting the 
ground water.
It is the recommendation of this study that further research is 
needed on the following topics. Aquifer tests should be done to 
determine the amount of water that can be withdrawn by pumping 
from an area without adversely affecting well yields. Aquifer tests 
could also be used to obtain more accurate transmissivity and even 
storativity values. Interviewing Bitterroot Valley residents and well 
drillers in detail will give more information on the number of dry 
wells or poor producers completed in the various aquifer units. Using 
tracers will aid in determing true ground water velocities Another use 
for tracers in the Bitterroot Valley would be to gain more information 
on recharge and discharge systems to the Valley aquifers For example, 
placing a tracer in an irrigation ditch and observing its arrival in down- 
gradient wells would give conclusive evidence on recharge from the 
irrigation canals. Age-dating the Bitterroot Valley ground water would 
also give information on ground water velocities, recharge, and 
discharge. An examination of other sources of recharge, such as 
snowmelt and surface water, is necessary Measuring changes in head 
in wells for a number of years will assist in revealing whether recharge 
is approximately equal to discharge on an annual basis, or if discharge 
is beginning to exceed recharge to the aquifers. Additional ground­
water quality work is needed to determine more accurately the
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variations in quality between the different aquifer units. Detailed 
geophysical studies can determine the depths to bedrock throughout 
the Valley, and thus reveal the precise volume of valley fill sediments 
and the actual thickness of the Tertiary deposits, and may help in 
identifying individual water-bearing layers.
Only after all data are compiled can decisions be made 
concerning comprehensive recommendations for ground water use in 
the Bitterroot Valley. These final recommendations may take the form 
of limiting development in the Valley Possibly, municipal sewage and 
water supply systems may be built to replace individual septic tanks 
and water wells. Large municipal wells may be drilled near the 
Bitterroot River, or dams and ponds in the mountain canyons may be 
used as a water supply. Rather than abandoning the old irrigation 
ditches, the system may actually be enlarged to ensure ground-water 
recharge. But it is obvious that more research is needed before one can 
make a final recommendation concerning any of these expensive 
projects that attempt to alleviate future ground-water problems in the 
Bitterroot Valley.
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APPENDIX I
COMPUTER PROGRAM TO CALCULATE 
TRANSMISSIVITIES FROM WELL LOG DATA
(w ritte n  by Dr. W illiam  Woessner, 
Geology Department, University of Montana)
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APPENDIX
WELL INVENTORY
Key
or
LOCATION
ELEV.
M
DATE
USE
DM
DPTH
CSNG
PERF
AQIN
TH
AQMT
GS
SWL
w ell number (as used In this report) 
locations denoted by: 1 / 4  Sections/Section/ 
Township/Range w ith in  Ravalli County 
approximate elevation (in feet), from topographic map 
drilling  method 
C -  cable tool 
R -  rotary
date completed (month and year) 
primary use(s) for w ell w ater 
D -  domestic I -  irrigation
S -  stock M -  municipal
diam eter of w e ll casing (in feet) 
to ta l drilled  depth (in fee t) 
casing record (in feet)
(+ -  distance above ground surface)
perforated interval (in feet)
aquifer interval (in feet)
total thickness of aquifer Interval (in fee t)
aquifer m aterial as reported on w ell log
A -  ash R -  rock
B -  boulders S -  sand
C -  clay SH -  shale
G -  gravel SR -  sedimentary rock
GR -  granite SS -  sandstone
geologic source m aterial
Qfa -  Quaternary floodplain alluvium
Ola -  Quaternary low terrace alluvium
Qha -  Quaternary high terrace alluvium
Qm -  Quaternary moraine t i l l
Ts -  T ertia ry  sediments
KpC -  Cretaceous, Precambrian rocks
s ta tic  w ater level (in fee t), at tim e of completion
(+ -  free flow ing at surface)
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Test Data
*  w e ll number (as used In this report)
PMP pumping rate  (in gallons per minute)
LNG length of pumping test (in minutes)
DD drawdown (in fee t)
T transm issivity (in gallons per day per foot)
as calculated from above test data and 
using computer program in Appendix I 
Y yield (in gallons per minute) as reported
on w ell log
C conductivity (in m icrom hos/centim eter) as
ascertained for this study 
pH pH, as measured for this study
degrees Centigrade, as tested in this study
*,u  -  information not included on w ell log or not measured 
as part of this study.
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APPENDIX 111 
CROSS-SECTIONS FROM WELL LOGS 
Key
Approximate Scales
Vertical:
Topography (generalized):
0.10 in.= 100 ft.
Wells:
0.10 in.= l ft.
Horizontal:
Map distance between wells (generalized):
0.40 in.= 1 mi.
Well radius:
0.30 in.=0.50 ft.
Numbers at bottom of wells indicate total well depth, in feet.
Gaps in well cross-sections indicate continuation of sedimentary unit for 
number of feet marked in gap.
Sedimentary Key 
clay sand, gravel, boulders*
sand sand, gravel*
gravel gravel, c lay*
boulders gravel, boulders*
rock (sandstone) sand, clay*
*  undifferentiated on well log
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APPENDIX IV 
STATIC WATER LEVEL MEASUREMENTS
Key
* :  well number, as used in this report 
Month: during 1984-1985  
SWL: elevation of static water level, in feet
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•212 Wroble *489 Martin *491 McMurtrey
Month SWL Month SWL Month SWL
Jun 3726.82 May 3353.07 May 3294.50
Jul 3728.52 Jun 3371.11 Jun 3305.78
Aug 3723.88 Jul 3367.21 Jul 3307.52
Spt 3724.15 Aug 3364.64 Aug 3304.96
Oct 3724.15 Spt 3364.77 Spt 3305.67
Nov 3723.57 Oct 3361.10 Oct 3303.45
Dec 3723.73 Nov 3356.69 Nov 3300.15
Jan 3723.77 Dec 3350.30 Dec 3297.27
Feb 3723.79 Jan 3350.59 Jan 3295.87
Mar 3723.81 Feb 3350.74 Feb 3295.18
Apr 3723.83 Mar 3350.89 Mar 3294.48
May 3728.25 Apr 3350.82 Apr 3294.48
Jun 3725.25 May 3353.10 May 3293.40
Jun 3362.28 Jun 3300.79
*477 Kulstad *494 Vandehey •356 Davis
Month SWL Month SWL Month SWL
Jun 3309.93 May 3302.34 Jun 3770.07
Jul 3309.72 Jun 3315.07 Jul 3769.85
Aug 3306.15 Jul 3318.29 Aug 3772.93
Spt 3305.60 Aug 3314.98 Spt 3773.60
Oct 3300.86 Spt 3317.75 Oct 3774.85
Nov 3294.82 Oct 3316.75 Nov 3772.10
Dec 3289.12 Nov 3314.03 Dec 3775.29
Jan 3287.64 Dec 3312.49 Jan 3772.77
Feb 3286.90 Jan 3307.72 Feb 3771.51
Mar 3286.17 Feb 3305.33 Mar 3770.25
Apr 3286.44 Mar 3302.95 Apr 3770 10
May 3294.20 Apr 3302.28 May 3768.75
Jun 3307.88 May 3309.50 Jun 3768.22
Jun 3307.10
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
145
•226  Olson
Month SWL
May 3822.49
Jun 3818.63
Jul 3817.32
Aug 3817.63
Spt 3817.89
Oct 3820.09
Nov 3823.40
Dec 3829.73
Jan 3829.50
Feb 3829.38
Mar 3829.27
Apr 3818.07
May 3820.35
Jun 3813.87
•230 James •535 Hodgson
Month SWL Month SWI
Jun 3812.85 Jul 3477.26
Jul 3814.37 Aug 3444.61
Aug 3815.08 Spt 3451.11
Spt 3615.70 Oct 3461.02
Oct 3817.08 Nov 3462.96
Nov 3813.65 Dec 3448.52
Dec 3822.33 Jan 3435.24
Jan 3822.26 Feb 3428.60
Feb 3822.23 Mar 3421.96
Mar 3822.20 Apr 3401.41
Apr 3820.80 May 3402.06
May 3818.83 Jun 3388.96
Jun 3816.58
*544 Kinsley '570 Woodard '533 Jakupcak
Month SWL Month SWL Month SWL
Jun 341156 Jun 3383.14 Jul 3326.90
Jul 3405.01 Jul 3384.94 Aug 3326.61
Aug 3369.91 Aug 3385.67 Spt 3326.84
Spt 3370.91 Spt 3385.91 Oct 3326.68
Oct 3380.50 Oct 3384.15 Nov 3326.47
Nov 3384.96 Nov 3377.59 Dec 3328.65
Dec 3363.81 Dec 3381,98 Jan 3327.35
Jan 3360.88 Jan 3381.33 Feb 3326.68
Feb 3359.41 Feb 3381.01 Mar 3326.02
Mar 3357.95 Mar 3380.69 Apr 3326.20
Apr 3363.06 Apr 3380.99 May 3326.41
May 3361.58 May 3391.55 Jun 3326.58
Jun 3363.30 Jun 3383.59
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♦565 Myers ♦576 Burnett '635a Ridenour
Month SWL Month SWL
Jul 3336.68 Jun 3384.69
Aug 3336.78 Jul 3385.19
Spt 3336.55 Aug 3386.16
Oct 3336.38 Spt 3390.53
Nov 3335.98 Oct 3390.40
Dec 3335.43 Nov 3393.19
Jan 3335.31 Dec 3389.60
Feb 3335.25 Jan 3378.72
Mar 3335.19 Feb 3373.28
Apr 3335.79 Mar 3367.84
May 3336.90 Apr 3377.10
Jun 3338.92 May 3372.64
Jun 3369.84
Month SWL
Jul
Aug
Spt
Oct
Nov
Dec
Jan
Feb
Mar
Apr
May
Jun
3360.53
3361.70 
3361.21 
3360.95 
3359.26 
3358.91
3358.70 
3358.60 
3358.50 
3358.81 
3361.34 
3361.16
♦635b Ridenour '277 Clotfelter ♦272 Drain
Month SWL
Jul 3360.27
Aug 3361.41
Spt 3361.15
Oct 3359.43
Nov 3359.15
Dec 3358.55
Jan 3358.53
Feb 3358.52
Mar 3358.51
Apr 3358.93
May 3359.34
Jun 3359.76
Month SWL Month SWL
Jun 3398.92 Jun 3571.88
Jul 3402.24 Jul 3572.14
Aug 3400.91 Aug 3572.36
Spt 3400.09 Spt 3572.97
Oct 3398.59 Oct 3573.05
Nov 3396.45 Nov 3576.63
Dec 3396.93 Dec 3575.93
Jan 3396.02 Jan 3575.16
Feb 3395.56 Feb 3574.78
Mar 3395.11 Mar 3574.39
Apr 3395.95 Apr 3572.84
May 3395.22 May 3572.24
Jun 3398.35 Jun 3569.52
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*316 Morrison ♦311 Carter *304 Dube
Month SWL Month SWL
Jun 3380.32 Jun 3451.59
Jul 3378.65 Jul 3458.53
Aug 3387.80 Aug 3461.58
Spt 3384.33 Spt 3463.01
Oct 3386.88 Oct 3462.78
Nov 3387.25 Nov 3457.02
Dec 3381.49 Dec 3450.47
Jan 3378.65 Jan 3443.63
Feb 3377.24 Feb 3440.22
Mar 3375.82 Mar 3436.80
Apr 3367.89 Apr 3432.28
May 3368.16 May 3448.80
Jun 3373.76 Jun 3460.48
Month SWL
Jun 3406.05
Jul 3404.75
Aug 3404.25
Spt 3403.96
Oct 3403.89
Nov 3402.45
Dec 3402.99
Jan 3402.30
Feb 3401.95
Mar 3401,61
Apr 3401.60
May 3401.55
Jun 3404.09
*283 Yorgensen *632 Hunt *286 Rough
Month SWL Month SWL Month SWL
Jul 3372.65 Jul 3371.07 Jun 3440.58
Aug 3372.98 Aug 3369.95 Jul 3440.46
Spt 3373.09 Spt 3370.22 Aug 3439.64
Oct 3373.28 Oct 3370.30 Spt 3438,88
Nov 3373.07 Nov 3370.02 Oct 3439.74
Dec 3371.41 Dec 3369.82 Nov 3439.55
Jan 3371.20 Jan 3369.61 Dec 3438.53
Feb 3371.09 Feb 3369.49 Jan 3437.81
Mar 3370.99 Mar 3369.39 Feb 3437.44
Apr 3372.66 Apr 3369.71 Mar 3437.08
May 3373.92 May 3370.91 Apr 3437.32
Jun 3374.80 Jun 3372.77 May 3439.74
Jun 3440.96
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*354 Bauer *325 Trexler '348 King
Month SWL Month SWL Month SWL
Jun 3507.20 Jun 3566.95 Jun 3626.84
Jul 3505.52 Jul 3565.72 Jul 3625.65
Aug 3506.04 Aug 3566.70 Aug 3624.94
Spt 3505.69 Spt 3566.89 Spt 3624.71
Oct 3505.16 Oct 3563.94 Oct 3625.01
Nov 3505.34 Nov 3566.01 Nov 3623.66
Dec 3505.15 Dec 3565.63 Dec 3625.64
Jan 3503.54 Jan 3565.52 Jan 3622.58
Feb 3503.05 Feb 3565.47 Feb 3621.05
Mar 3502.55 Mar 3565.41 Mar 3619.52
Apr 3503.31 Apr 3565.86 Apr 3625.33
May 3506.23 May 3566.25 May 3626.61
Jun 3506.35 Jun 3568.70 Jun 3626.62
•327 Gilbert •259 Thomas •263 Hackett
Month SWL Month SWL Month SWL
Jun 3658.82 Jun 3451.99 Jun 3656.52
Jul 3658.75 Jul 3450.26 Jul 3656.58
Aug 3658.50 Aug 3452.96 Aug 3652.35
Spt 3658.53 Spt 3450.98 Spt 3656.87
Oct 3658.15 Oct 3450.49 Oct 3650.56
Nov 3657.59 Nov 3449.78 Nov 3648.87
Dec 3658.06 Dec 3448.96 Dec 3647.80
Jan 3657.83 Jan 3447.69 Jan 3647.47
Feb 3657.71 Feb 3447.33 Feb 3647.31
Mar 3657.59 Mar 3446.96 Mar 3647.14
Apr 3658.03 Apr 3446.50 Apr 3651.16
May 3658.60 May 3450.81 May 3655.88
Jun 3658.71 Jun 3452.41 Jun 3656.00
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*261 Williamson 
Month SWL
Jun 3483.73
Jul 3485.21
Aug 3485.36
Spt 3483.41
Oct 3481.69
Nov 3480.20
Dec 3479.09
Jan 3477.66
Feb 3476.94
Mar 3476.22
Apr 3477.31
May 3483.05
Jun 3485.30
*253 Slephani 
Month SWL
Jun 3560.04
Jul 3563.53
Aug 3568.87
Spt 3569.44
Oct 3568.39
Nov 3566.91
Dec 3569.16
Jan 3562.06
Feb 3558.52
Mar 3554.97
Apr 3553.96
May 3554,79
Jun 3557.95
*555 Russel!
Month SWL
Jun 3430,95
Jut 3431.02
Aug 3430.85
Spt 3429.16
Oct 3431.12
Nov 3430.66
Dec 3430,79
Jan 3428.31
Feb 3427.07
Mar 3425.83
Apr 3426.88
May 3431.71
Jun 3431.83
»5I0 Stroup *512 Cote '511 Davenport
Month
Jun
Jul
Aug
Spt
Oct
Nov
Dec
Jan
Feb
Mar
Apr
May
Jun
SWL
3499.55 
3500.05 
3498.90 
3497.75 
3487.08 
3482.20 
3487.42 
3488.17
3488.55 
3486.92 
3498.36 
3498.77 
3499.22
Month
Jun
Jul
Aug
Spt
Oct
Nov
Dec
Jan
Feb
Mar
Apr
May
Jun
SWL
3527.03
3525.99
3526.44
3525.02
3524.77
3524.37
3526.08
3523.48
3522.19
3520.89
3520.30
3522.82
3523.33
Month
Jun
Jul
Aug
Spt
Oct
Nov
Dec
Jan
Feb
Mar
Apr
May
Jun
SWL
3452.27
3458.11 
3460.22
3455.04 
3451.24 
3455.55 
3420.86 
3435.83 
3443.31 
3450.79 
3449.92
3447.12
3456.04
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*553 Springer 
Month SWL
Jun 3372.50
Jul 3371.22
Aug 3372.77
Spt 3371.98
Oct 3373.18
Nov 3373.50
Dec 3370.71
Jan 3368.75
Feb 3367.76
Mar 3366.78
Apr 3370.61
May 3372.78
Jun 3375.00
*506 Reinke '470 Powers
Month SWL
Jul
Aug
Spt
Oct
Nov
Dec
Jan
Feb
Mar
Apr
May
Jun
3343.30
3343.47
3342.85
3343.11
3342.45
3342.11 
3341.77
3341.44
3341.44 
3342.26
3343.46 
3344.17
Month
Jun
Jul
Aug
Spt
Oct
Nov
Dec
Jan
Feb
Mar
Apr
May
Jun
SWL
3377.40 
3373.46 
3374.33 
3373.31 
3372.38 
3371 84 
3372.00 
3372.06
3372.09 
3372.12 
3374.57
3376.10 
3377.71
*278 York
Month SWL
Jul 3372.61
Aug 3373.54
Spt 3373.82
Oct 3372.96
Nov 3371.96
Dec 3371.85
Jan 3371.91
Feb 3371.88
Mar 3371.97
Apr 3371.56
May 3373.32
Jun 3373.24
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